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DESCRIPTION 



✓Display apparatus 



[TECHNICAL FIELD] 

The present invention relates to a display 
apparatus including a display panel having a multitude 
of pixels arranged in a matrix. 



10 [BACKGROUND ART] 

With development of information equipment, the 
needs for low-power and thin display apparatuses 
having grown, so that extensive study and development 
have been made on display apparatuses fitted to these 

15 needs . 

Such a display apparatus is used frequently 
outdoors particularly as a wearable PC (personal 
computer) or an electronic note pad, thus being 
desirable that it can save power consumption and space. 

20 For this reason, e.g., such a product that a display 
function of a thin display such as a liquid crystal 
display and means for inputting coordinate data are 
integrated, and direct input can be effected by 
pressing a display item on a display surface with a 

25 stylus or finger, has been commercialized. 

However, most of liquid crystal materials have 
no memory characteristic, so that it is necessary to 



continuously apply a voltage to the liquid crystal 
during a display period. On the other hand, a liquid 
crystal material having a memory function cannot 
readily ensure a reliability in the case of assuming 
its use in various environments such as outdoor 
environment as in the wearable PC, thus failing to be 
put into practical use. 

In view of these circxunstances , as one of thin 
and light display apparatuses, an electrophoretic 
display apparatus has been proposed (U.S. Patent No. 
3,612,758) • 

This type of electrophoretic display appeuratus 
includes a pair of substrates disposed with a 
predetermined spacing therebetween, an insulating 
liquid filled in the spacing, a multiplicity of 
colored charged (migration) particles dispersed in the 
insulating liquid, and display electrodes disposed at 
each pixel along each substrate. 

In this electrophoretic display apparatus, the 
colored charged particles are electrically charged 
positively or negatively, so that they are adsorbed by 
either one of the display electrodes depending on a 
polarity of a voltage applied to the display 
electrodes. As a result, e.g., it becomes possible to 
display various images by controlling a state in which 
the colored charged particles are adsorbed by the 
upper electrode and are observed from a viewer side 



and a state In which the colored charged particles are 
adsorbed by the lower electrode, so that the color of 
the insulating liquid is visually identified. This 
type of the electrophoretic display appsuratus is 
referred to as a vertical movement type 
electrophoretic display apparatus. 

As another example of a conventional 
electrophoretic display apparatus, Japanese Laid-Open 
Patent Application (JP-A) No. Hei 9-211499 discloses 
such an electrophoretic display apparatus, different 
from the above described vertical movement type 
electrophoretic display apparatus in which the 
insulating liquid is sandwiched between the upper and 
lower electrodes, that a first electrode (common 
electrode) is disposed along a light -blocking layer 
located between adjacent pixels and second electrode 
(pixel electrode) is disposed over an entire pixel 
display portion and is covered with an insulating film. 

For this reason, an insulating liquid is only 
required to be transparent, so that the display 
apparatus effects black display by covering the second 
electrode with electrophoretic particles and effects 
white display by collecting the electrophoretic 
particles to the first electrodes located between 
adjacent pixels to expose the second electrodes. As a 
result, by controlling a polarity of applied voltage 
pixel by pixels, it is possible to effect display of 
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an Image. 

Further, by using these display apparatuses 
and a so-called resistance film type coordinate 
position detection apparatus (digitizer) in 
5 combination it becomes possible to effect pen input or 
input by manual pressure sensing thereby to realize a 
paper like display apparatus which, e.g., permits the 
wearable PC of power and space saving type and can 
take notes . 

10 However, the above described conventional 

electrophoretic display apparatuses generally have a 
low response speed, so that, e.g., in the case where 
high-speed response for pen input is required, a user 
feels inconformity due to the low response speed. 

15 In order to solve this problem, it can be 

considered that the electrophoretic display apparatus 
described above is driven at a high voltage. In the 
case of simply performing high- voltage drive, e.g., it 
can be considered that the display apparatus is 

20 provided with high voltage drive ICs or high voltage 
TFTs (thin film transistors). However, these high 
voltage driver ICs or TFTs have been accompanied with 
problems such that they cause a large packaging scale 
and a high-cost structure. 

25 

[DISCLOSURE OF THE INVENTION] 

The present invention has accomplished for 



solving the above described problems. 

An object of the present Invention Is to 
provide a display apparatus capable of being driven at 
a high voltage while suppressing Increases In 
paclcaglng scale and production costs. 

Another object of the present Invention Is to 
provide a display apparatus having a high-speed 
display response characteristic. 

According to an aspect of the present 
Invention, there Is provided a display apparatus, 
comprising: a display panel Including pixels arranged 
In a matrix; pixel electrodes provided to the pixels, 
respectively, and a common electrode provided common 
to the pixels; scanning lines and signal lines for 
supplying a voltage to the pixel electrodes; a drive 
circuit connected to the common electrode, the 
scanning lines, and the signal lines; and a control 
circuit for providing a signal to the drive circuit. 
The control circuit selectively switches a display 
drive mode In which the display apparatus displays an 
Image on the display panel through sequential scanning 
of the scanning lines and application of a variable 
voltage to pixels via the signal lines by the drive 
circuit and a rewriting drive mode in which the 
display apparatus rewrites a part of pixels into black 
or white through application of a voltage, which is 
higher than a range of the variable voltage, to the 
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part of pixels on a scanning line selected by the 
drive circuit - 

In the display apparatus, the drive circuit 
may preferably selectively scans only a part of the 
5 scanning lines in the rewriting drive mode. In a 
further preferred embodiments, in the display drive 
mode, the drive circuit supplies a variable voltage to 
the pixel electrodes and a reference voltage to the 
common electrode, and in the rewriting drive mode, the 

10 drive circuit supplies the voltage higher ttian the 

range of the variable voltage to a pixel electrode of 
pixels to be rewritten, places a pixel electrode not 
to be rewritten in a high- impedance state, and 
supplies to the common electrode a voltage which is 

15 shifted from the reference voltage to an 

opposite -polarity side of the voltage supplied to the 
pixel electrode of pixels to be rewritten. 

The display apparatus may further comprises an 
external input device, and when the display apparatus 

20 receives display information from a device other than 
the external input device, the control circuit selects 
the display drive mode to execute display of the 
display information on the display panel, and when the 
display apparatus received display information from 

25 the external input device, the control circuit selects 
the rewriting drive mode to execute display of the 
display information received from the external input 
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device . 

The external Input device may preferably be a 
position Information Input device superposed on the 
display panel, a pen Input device or a handwriting 
5 Input device . 

The display apparatus may preferably be an 
electrophoretlc display apparatus or a liquid crystal 
display apparatus. 

According to another aspect of the present 

10 Invention, there Is provided an Input apparatus, 

comprising: a display panel Including pixels arranged 
In a matrix; pixel electrodes provided to the pixels, 
respectively, and a common electrode provided common 
to the pixels; scanning lines and signal lines for 

15 supplying a voltage to the pixel electrodes; a drive 
circuit connected to the common electrode, the 
scanning lines, and the signal lines; a control 
circuit for providing a signal to the drive circuit; 
and a position detection device for detecting a 

20 position designated by a pointing member, such as a 
pen, and outputtlng Information on the detected 
position. When there Is no output of the position 
detection device, the control circuit selects a 
display drive mode in which a gradation image is 

25 displayed on the display panel and the drive circuit 
applies a variable voltage to pixels through the 
scanning and data lines to display the gradation image 
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on the display panel, and when there is an output of 
the position detection device, the control circuit 
selects a rewriting drive mode in which a part of 
pixels of the display panel is rewritten into black or 
white and the drive circuit scans a part of the 
scanning lines and applies a voltage, which is higher 
than a range of the variable voltage, to a part of 
pixels to rewrite the part of pixels corresponding to 
the position designated by the pointing member. 

These and other objects, features and 
advantages of the present invention will become more 
apparent upon a consideration of the following 
description of the preferred embodiments of the 
present invention taken in conjunction with the 
accompanying drawings. 

[BRIEF DESCRIPTION OF THE DRAWINGS] 

Figures 1(a) to 1(h) are timing charts for 
illustrating various signal waveforms and optical 
responses in an embodiment of the display apparatus 
according to the present invention. 

Figure 2 is a system block diagram of the 
display apparatus of the present invention. 

Figure 3 is a schematic view showing an TFT 
backplane of the display apparatus of the present 
invention. 

Figures 4(a) and 4(b) are schematic views each 



showing one pixel portion^ Including electrophoretlc 
particles, of the display apparatus of the present 
Invention . 

Figures 5(a) and 5(b) are graphs each showing 
a relationship between a voltage and an optical 
response characteristic at a pixel In an embodiment of 
the present Invention. 

Figures 6(a) to 6(h) are timing charts for 
Illustrating various signal waveforms and optical 
responses In another embodiment of the display 
apparatus of the present Invention. 

[BEST MODE FOR CARRYING TO THE INVENTION 1 

Herelnbelow, embodiments of the present 
Invention will be described with reference to the 
drawings . 
( Embodiment 1 ) 

Figure 2 Is a block diagram showing a display 
apparatus system having functions of still Image 
display, pen Input, and pen Input display. 

As shown In Figure 2, the display apparatus 
system Includes: a display module 217 Including a 
display panel 10 having a laminated structure of an 
electrophoretlc display device 215 and a TFT substrate 
(backplane) 214, circuits 212 - 214 for matrix drive, 
and a common electrode drive circuit 216; a display 
control module 218; an Image memory (SDRAM) 211 for 



display; a CPU 28; and peripheral memory circuits 
including a £lash ROM 29 and an SDRAM 210. 

To the display control module 218, an external 
input device (sensing device) 27 is connected. The 
5 external input device is a device for inputting 

positional information, such as a pen input apparatus. 

The CPU 28 supplies control signals to the 
display control module 218 and the peripheral circuit 
blacks 29 and 210. 

10 In the display control module 218, a graphic 

controller 21 teikes in information stored in the 
internal memories (the memory 29 constituted by the 
flash ROM and the memory 210 constituted by the SDRAM) 
and image information through an external memory 

15 control circuit (external I/F) 25 for controlling 
input and output of data with an unshown external 
memory, a communication means 24 for forming the data 
input and output via a circuit connected to an 
external circuit, or a digitizer controller 23 for 

20 controlling a pen input tablet 27 as the external 

input device (sensing device). Further, the graphic 
controller 21 stores information to be displayed on 
the display portion 215 of the display panel 10 in a 
Video RAM (VRAM) 211 on the basis of the image 

25 information and transfers image data and control 
signals to the display module 217 via a panel 
controller 22 on the basis of the information in the 



VRAM 211. The graphic controller 21 further produces 
necessary control signals, such as scanning selection 
signals for selecting and scanning gate lines, image 
information signals to be sent to a source line drive 
5 circuit, and Vsync and Hsync signals for providing 

transfer timing thereof, and sends the signals to the 
panel controller 22. 

The panel controller 22 sends these control 
signals to respective drive circuits for the gate 

10 lines, source lines and the common electrode. 

Power is supplied to the respective circuit 
blocks through a power management 26. 

In the display module 217 described above, on 
the basis of the image data outputted from the panel 

15 controller 22 and the timing control signals such as 
Vsync and Hsync, desired voltages are supplied from 
the gate line drive circuit 213, the source line drive 
circuit 212, and the common electrode drive circuit 
216 to the TFT backplane 214 of the display panel 10 

20 including the TFT backplane 214 and the display 

portion 215. As a result, an electrophoretic state of 
particles in each pixel of the display portion 215 is 
changed to effect gradation display. 

The display apparatus of this embodiment has 

25 two display modes including a gradation display mode 
and a binary display mode, as described in detail 
later. In the case of pen input, the binary display 
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mode is employed. For this reason, the above described 
source line drive circuit 212 has an output stage 
capable of selecting high impedance. 

Hereinbelow, the display appeoratus of this 
5 embodiment will be described as an electrophoretic 
display apparatus. However, the display apparatus of 
the present invention may be any display apparatus so 
long as it can be driven by a voltage. Accordingly, 
the display apparatus may be a liquid crystal display 

10 apparatus • 

It is preferable that a voltage to be applied 
is variable so as to permit display of an intermediary 
state at multiple gradation levels. The display 
apparatus of the present invention is applicable to a 

15 so-called memory type display apparatus capable of 
retaining a written display state as it is without 
applying a voltage to pixel after completion of 
writing. 

Figure 3 shows a schematic view of a portion 
20 of a TFT active matrix array with 300 rows and 250 
columns in this embodiment. 

Referring to Figure 3, the display panel 10 
described above includes gate line electrodes 
(scanning electrodes) 33 and source line electrodes 
25 (data electrodes) 34 arranged in a matrix. A multitude 
of pixels are formed at respective intersections of 
these electrodes 33 and 34. The display panel 10 
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further includes TFTs 35, pixel electrode 36, and a 
common electrode (COM) 37 and is connected with the 
gate line drive circuit 213 for driving the gate line 
electrodes 33 and the source line drive circuit 212 
5 for driving the source line electrodes 34 . In this 
embodiment, a gate line driving voltage is +20 V with 
respect to an on-state voltage and -20 V with respect 
to an off -state voltage. A frame rate is 15 Hz, 
Further, a source line drive voltage Vw is 0 to 15 V, 
10 and a common electrode drive voltage Vcom is 30 to -15 
V. 

Figures 4(a) and 4(b) are schematic views each 
showing one pixel portion of the electrophoretic 
display apparatus in this embodiment. In these figures, 

15 black electrophoretic particles 63 aore negatively 

charged electrically. In the case where, e.g., a first 
electrode 37 is a common electrode and a second 
electrode 36 is a pixel electrode, the pixel electrode 
36 is covered with the black electrophoretic particles 

20 63 to provide a black display state as shown in Figure 
4(a) when a positive ( -polarity) voltage is applied to 
the pixel electrode 36 with respect to the common 
electrode 37. On the other hand, when a 
negative ( -polarity) voltage is applied to the pixel 

25 electrode 36 with respect to the common electrode 37, 
as shown in Figure 4(b), the black electrophoretic 
particles 63 are collected to the pixel electrodes 37 
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each located between adjacent pixels* As a result, the 
pixel electrode 36 is exposed, thus providing a white 
pixel state. 

Figure 5(a) shows a voltage-optical response 
5 (reflectance) characteristic at pixel in this 
embodiment . 

More specifically, when an initial display 
state is a white state, as indicated by a solid line, 
the voltage-reflectance, characteristic is such that 

10 the display state is the white state at a voltage of 
not more than 0 V and is a black state at a voltage of 
not less than 15 V. Further, the voltage -reflectance 
characteristic when the initial display state is the 
black state is indicated by a dashed line. 

15 Figure 5(b) shows a voltage-response time 

characteristic at pixel in this embodiment. 

In this case, the response time is a time from 
start of the response to completion thereof from the 
white state to the black state. As shown in Figure 

20 5(b), it can be understood that the response 

characteristic is improved with an increasing applied 
voltage. Incidentally, in the case of effecting 16 
level gradation display, all the pixels are placed in 
the white state and then gradation control is effected 

25 in a source line drive voltage range (0 to 15 V). At 
that time, the Vcom is 0 V (grounding voltage). 

As described above, to the display apparatus. 
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the external Input device 27 (the positional 
Information Input device, such as the pen Input 
apparatus) Is connected. The pen Input apparatus 
detects a position designated by a pen and outputs the 
detected position as digital information. The pen 
input apparatus (device) may be constituted by a pen 
and a special -purpose tablet but may be used as a 
pointing device such that it Is formed of a 
transparent member and is superposed on the display 
panel, and an image on the display panel is 
overwritten with the pen or the picture area is 
scanned with the pen. In the case of lamination 
structure, the display panel is required to permit 
display of line image, such as a handwritten character 
Inputted by the pen, with no delay. 

Next, the pen input from the pen input tablet 
27 will be considered. When the input is performed by 
designating a position on the tablet with the pen, it 
is assumed that additional writing is effected in the 
displayed picture image area. In this case, rewriting 
of display is required only with respect to the added 
portion with the pen. In other words, it is also 
possible to retain the display state as it is at a 
portion other than the added portion with the pen. 

When the pen input is not performed, there is 
no output from the pen input table 27, so that the 
digitizing control circuit 23 transmit information 
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thereon to the graphic controller 21, which selects an 
ordinary display mode , i.e., a mode of displaying 
image information of the internal memories 29 and 210 
and external image information received through the 
5 communication means 24. At that time, the gate line 
drive circuit 213 sequentially scans selectively the 
gate lines of the display panel, and the source line 
drive circuit 212 supplies a gradation signal voltage, 
depending on the image information, i.e., a variable 

10 voltage in such a range that it can vary from 0 to 15 
V on the black display side and from 0 to -15 V on the 
white display side. A reference voltage is supplied 
from the common electrode drive circuit 216. These 
voltages are applied to the TFT backplane 214 to 

15 change an electrophoretic state of the electrophoretic 
particles in each pixel of the display portion 215. As 
a result, gradation display is performed. 

When the pen input is effected, positional 
information depending on a position designated with 

20 the pen is sent from the pen input tablet 27 to the 
graphic controller 21 through the digitizing control 
circuit 24, and is written in the SDRAM 211 as the 
display memory. At this time, a flag is set at an 
SDRAM address of the written pixel so as to show that 

25 the pen input is effected at the address. 

The graphic controller 21 sends the image 
information of the display memory to the display panel 
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217 but when the flag is set, the ordinary display 
mode is switched to such a display mode that scanning 
lines including the flagged portion are scanned on a 
priority basis. In this display mode, a rewriting 
operation of only the pen input portion is performed 
such that only the rewritten portion of the gate lines 
of the display panel 10 is scanned by the graphic 
controller 21. In this case, a black signal is sent to 
a source line of pixel to be rewritten and at the same 
time, a source line of pixel to be held in the 
previous display state is placed in a high- impedance 
state. The detailed writing operation will be 
described later. 

Hereinafter, such a driving method during the 
pen input is referred to as "partial rewriting". The 
partial rewriting takes only a short time required to 
perform rewriting by partial scanning since the number 
of gate lines at a portion to be rewritten is smaller 
than the number of all the scanning lines, i.e., gate 
lines even in such a display panel having a large 
number of scanning (gate) lines. In the pen input 
device, in order not to provide inconformity to a user, 
a trail of the pen is required to be displayed with no 
interval on the picture area (screen). This can be 
realized by the partial rewriting. 

Further, drawing of black line on white 
background is sufficient to write the handwriting 
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Character in the picture area by pen input, so that 
only rewriting of pixel into the black state is 
required. As a result, it is not necessary to perform 
halftone display. The display apparatus of this 
embodiment provides high-speed responsiveness in such 
a rewriting operation that only the black display is 
performed. 

Next, high-voltage drive during partial 
rewriting binary device will be described. 

In order to explain the high-voltage drive 
during partial rewriting binary drive pixels "a" and 
"b" shown in Figure 3 are considered. In this case, it 
is assumed that pen input is performed at pixels 
located at intersections of si and gl (pixel "a"), s2 
and g2, and s3 and g3, that the pixel "a" is a pixel 
to be subjected to rewriting and the pixel "b" is a 
pixel to be held as it is, and that, as previous 
writing, control of pixel at a desired gradation level 
(a reflectance Rl at the pixels "a" and a reflectance 
R2 at the pixel "b") is completed and an optical 
response is kept constant. 

Figures 1(a) to 1(h) show drive waveforms with 
respect to the pixels "a" and "b" and timing charts of 
optical responses at the pixels "a" and "b" • More 
specifically. Figure 1(a) is a waveform of a voltage 
applied to the gate electrode gl shown in Figure 3, 
Figure 1(b) is a waveform of voltage applied to the 
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source electrode si shown In Figure 3, Figure 1(c) is 
a waveform of a voltage applied to the source 
electrode s2 shown in Figure 3, Figure 1(d) is a 
waveform of a voltage applied to the common electrode 
shown in Figure 3, Figure 1(e) is a waveform of an 
interelectrode voltage (a potential difference between 
the pixel electrode 36 and the common electrode 37) at 
the pixel "a" shown in Figure 3, Figure 1(f) is a 
waveform of an interelectrode voltage at the pixel "b" 
shown in Figure 3, Figure 1(g) is an optical response 
at the pixel "a" shown in Figure 3, and Figure 1(h) is 
an optical response at the pixel "b" shown in Figure 3. 

First, the pixel "a" (pixel to be subjected to 
rewriting) will be described. 

An interelectrode voltage Vp at the pixel "a" 
shown in Figure 1(e) corresponds to a difference 
between a voltage Vwmax of the source electrode si, at 
a time tl at which the gate electrode gl is in an ON 
state, and a common electrode voltage Vcom, i.e., Vp = 
Vwmax - Vcom. Here, the Vwmax is set to be a maximum 
voltage (15 V) which can be output ted from the source 
line drive circuit. At that time, the common electrode 
voltage Vcom is -15 V (0 V at the time of ordinal 
multi-level gradation display) . Accordingly, it 
becomes possible to apply a larger voltage them that 
in the case of the ordinary multi-level gradation 
display by Vcom (-15 V). As a result, high-voltage 



drive becomes possible and response at the pixel "a" 
Is completed In a short time. 

Next, the pixel "b" (pixel to be held as It 
Is) will be described. 
5 Ordinarily, an Interelectrode voltage at the 

pixel "b" shown In Figure 1(f) corresponds to a 
difference between a voltage of the source electrode 
s2, at a time tl at which the gate electrode gl Is In 
an ON state, and a voltage of the common electrode. IN 

10 this case, however, the source electrode s2 Is In a 
high- Impedance state as shown In Figure 1(c). 
Accordingly, there Is no potential difference between 
the pixel electrode and the common electrode at the 
pixel "b" so that the Interelectrode voltage at the 

15 pixel "b" is not changed irrespective of the Vcom 

value. In other words, at the pixel "b" , the display 
state can be held as it is. 

After the black Is written with respect to the 
scanning line gl by the above described drive, at a 

20 time t2, the scanning line g2 is selected and a 

voltage is applied similarly thereto. Thereafter, in a 
similar manner, only a selected scanning line Is 
sequentially scanned. 

As described above, the high-voltage drive 

25 during the partial rewriting binary drive is realized. 
Further, during this drive, it is also possible to 
scan the entire picture area but it becomes possible 



to realize high-speed display response by scanning 
only scanning lines along plxel(s) to be subjected to 
rewriting . 

According t this embodiment, the response 
performance of low response speed display device can 
be Improved to permit pen Input with no stress, 
(Embodiment 2) 

In this embodiment, the display apparatus of 
the present Invention is applied to white/black binary 
display, and the display apparatus identical to that 
used in Embodiment 1 is used. 

The pen input device is required to have a 
function of erasing an incorrectly- inputted line or 
drawing a trail of the pen by inverting white and 
black states of line even at a black background 
portion. In this case, it is necessary to effect white 
writing in pixel in addition to the black writing 
described in Embodiment 1. Further, when a part of an 
image displayed on the picture area (screen) is moved 
by dragging with the pen, white is written at a pixel 
where the image is completely moved as a background 
picture area. The display apparatus in this embodiment 
performs display response at high speed during 
white/black binary display, whereby it is also 
possible to effect binary motion picture display. 

In order to explain display by binary 
half -toning (gradation representation), pixels "a" and 



"b" shown in Figure 3 are considered. In this case, it 
is assumed that black is displayed at pixels located 
at intersections of si and gl (pixel "a"), s2 and g2, 
and s3 and g3, that white is displayed at other pixels 
5 including the pixel "b" , and that, an optical response 
is kept constant at pixel(s) where control thereof at 
a desired gradation level is completed. 

Figures 6(a) to 1(h) show drive waveforms with 
respect to the pixels "a" and "b" and timing charts of 

10 optical responses at the pixels "a*' and "b" • More 

specifically. Figure 6(a) is a waveform of a voltage 
applied to the gate electrode gl shown in Figure 3, 
Figure 6(b) is a waveform of voltage applied to the 
source electrode si shown in Figure 3, Figure 6(c) is 

15 a waveform of a voltage applied to the source 

electrode s2 shown in Figure 3, Figure 6(d) is a 
waveform of a voltage applied to the common electrode 
shown in Figure 3, Figure 6(e) is a waveform pf an 
interelectrode voltage at the pixel "a" shown in 

20 Figure 3, Figure 6(f) is a waveform of an 

interelectrode voltage at the pixel "b" shown in 
Figure 3, Figure 6(g) is an optical response at the 
pixel "a" shown in Figure 3, and Figure 6(h) is an 
optical response at the pixel "b" shown in Figure 3. 

25 As shown in these figures, when the motion picture 

display is performed based on white/black two values, 
an image is formed in one frcime divided into two 
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fields. Herelnbelow, a driving method In this 
embodiment will be described in detail. 

First, field 1 will be described. The pixel 
"a" (pixel for displaying black) will be described. An 
5 interelectrode voltage Vblack at the pixel "a" shown 
in Figure 6(e) corresponds to a difference between a 
voltage Vwmax of the source electrode si, at a time 
Til at which the gate electrode gl is in an ON state, 
and a common electrode voltage Vcom, i.e., Vblack = 

10 Vwmax - Vcom. Here, the Vwmeuc is set to be a maximum 
voltage (15 V) which can be outputted from the source 
line drive circuit. Accordingly, it becomes possible 
to apply a larger voltage than that in the case of the 
ordinary multi- level gradation display by Vcom (-15 V) . 

15 As a result, high-voltage drive becomes possible and 

response at the pixel "a" is completed in a short time. 

Next, the pixel "b" (pixel for displaying 
white) will be described. An interelectrode voltage at 
the pixel "b" shown in Figure 6(f) corresponds to a 

20 difference between a voltage of the source electrode 
s2, at a time Til at which the gate electrode gl is in 
an ON state, and a voltage of the common electrode. IN 
this case, however, the source electrode s2 is in a 
high- impedance state as shown in Figure 6(c). 

25 Accordingly, there is no potential difference between 
the pixel electrode euid the common electrode at the 
pixel "b" so that the interelectrode voltage at the 
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pixel "b" Is not changed Irrespective of the Vcom 
value • In other words, at the pixel "b", the display 
state can be held as It Is. 

Next, field 2 will be described. 

The pixel "a" (pixel for displaying black) 
will be described. As shown In Figure 6(b), the source 
electrode si Is In a high- Impedance state at a time 
T21 at which the gate electrode gl Is In an ON state. 
Accordingly, there Is no potential difference between 
the pixel electrode and the common electrode at the 
pixel "a" so that the Interelectrode voltage at the 
pixel "a" Is not changed Irrespective of the Vcom 
value. In other words, at the pixel "a", the black 
display state can be held as It Is. 

First, the pixel "b" (pixel for displaying 
white) will be described. An Interelectrode voltage 
Vwhite at the pixel "b" shown in Figure 6(e) 
corresponds to a difference between a voltage Vwmin of 
the source electrode s2, at a time T21 at which the 
gate electrode gl is in an ON state, and a common 
electrode voltage Vcom2, i.e., Vwhite = Vwmin - Vcom2. 
Here, the Vwmin is set to be a minimum voltage (0 V) 
which can be outputted from the source line drive 
circuit. Accordingly, it becomes possible to apply a 
larger voltage than that in the case of the ordinary 
multi-level gradation dlisplay by Vcom2 (30 V). As a 
result, high-voltage drive becomes possible and 
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response at the pixel "b" Is completed In a short time. 

By the above described driving method, a 
response performance of low response speed display 
device Is Improved to permit good motion picture 
5 display. 

( Embodiment 3 } 

In this embodiment « a display apparatus has 16 
gradation level display mode and a binary display mode 
and uses the binary display mode during pen Input. A 

10 source line drive circuit has selectable output stages 
Including a D/A converter output stage and an analog 
switch output stage. In the binary display mode, the 
analog switch output stage Is employed. In this 
embodiment, the display apparatus Is Identical to that 

15 used In Embodiment 1 except for the source line drive 
circuit described above. 

In the case of the 16 gradation level display 
mode, the D/A converter output stage Is employed and a 
drive voltage has a meuclmum of 15 V and a minimum of 0 

20 V. On the other hand, the analog switch output stage 
Is employed when the binary display Is performed, and 
a drive voltage Is selectable between 30 V (ON state) 
and 0 V (OFF state) by switching. 

In order to explain display by binary 

25 half-toning (gradation representation), pixels "a" and 
"b" shown In Figure 3 are considered. In this case. It 
Is assumed that black Is displayed at pixels located 
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at Intersections of si and gl (pixel "a"), s2 and g2, 
and s3 and g3, that white Is displayed at other pixels 
Including the pixel "b", and that, an optical response 
Is kept constant at plxel(s) where control thereof at 
a desired gradation level Is completed. 

When the pen Input Is performed after 
completion of control of the pixels at a desired 
gradation level, e.g.. In the analog switch mode, an 
ON voltage (30 V) Is applied to the source electrode 
of the pixel "a" and an OFF voltage (0 V) Is applied 
to the source electrode of the pixels "b" . As a result. 
It becomes possible to apply to the pixel "a" a 
voltage higher than that In the case of the 16 
gradation level display mode by 15 V. Thus, response 
at the pixel "a" Is completed In a short time. To the 
pixel "b", the voltage of 0 V Is applied but a 
resultant optical response level Is kept constant 
based on a holding characteristic of the 
electrophoretlc display device. 

According to this embodiment, a response 
performance of low response speed display device Is 
Improved to permit pen Input with no stress. Further, 
during the pen Input, It Is possible to realize a 
small-scale circuit by use of the analog switch output 
stage compared with such a circuit that the same level 
voltage Is applied for drive by use of the D/A 
converter. 
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In the above described embodiments, the 
display apparatus of the present Invention Is 
described with respect to the electrophoretlc display 
apparatus as an example but may be applicable to 
liquid crystal display apparatuses using a polymer 
network liquid crystal, a ferroelectric liquid crystal, 
etc. Further, the display apparatus of the present 
Invention may also be applicable to both the 
horizontal movement type electrophoretlc display 
apparatus and the vertical movement type 
electro-phoretlc display apparatus. In the 
electrophoretlc display apparatus, the electrophoretlc 
particles and a dispersion medium may be encapsuled In 
a multltute of microcapsules. 

[ INDUSTRIAL APPLICABILITY ] 

As described hereinabove, according to the 
display apparatus of the present Invention, In the 
case where a display state In a display panel Is 
rewritten by binary gradation representation. It 
becomes possible to realize high-speed responsiveness 
by effecting drive at a voltage higher than a maximum 
drive voltage In mult 1- level display. Further, It Is 
possible to realize a small packaging scale of a 
peripheral circuit and a reduction In production cost. 
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CLAIMS 

1. A display apparatus, comprising: 

a display panel Including pixels arranged In a 

matrix, 

pixel electrodes provided to the pixels, 
respectively, and a common electrode provided commonly 
to the pixels, 

scanning lines and signal lines for supplying 
a voltage to said pixel electrodes, 

a drive circuit connected to said common 
electrode, said scanning lines, and said signal lines, 
and 

a control circuit for providing a signal to 
said drive circuit, 

wherein said control circuit selectively 
switches a display drive mode In which said display 
apparatus displays an Image on said display panel 
through sequential scanning of said scanning lines and 
application of a variable voltage to pixels via said 
signal lines by said drive circuit and a rewriting 
drive mode In which said display apparatus rewrites a 
part of pixels Into black or white through application 
of a voltage, which Is higher than a range of the 
variable voltage, to the part of pixels on a scanning 
line selected by said drive circuit. 
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2. An apparatus according to Claim 1, wherein 
said drive circuit selectively sc£uis only a part of 
the scanning lines In the rewriting drive mode, 

5 

3. An apparatus according to Claim 1 or 2, 
wherein In the display drive mode, said drive circuit 
supplies a variable voltage to said pixel electrodes 
and a reference voltage to said common electrode, and 

10 In the rewriting drive mode, said drive circuit 
supplies the voltage higher than the range of the 
variable voltage to a pixel electrode of pixels to be 
rewritten, places a pixel electrode not to be 
rewritten In a high- Impedance state, and supplies to 

15 said common electrode a voltage which Is shifted from 
the reference voltage to an opposite-polarity side of 
the voltage supplied to the pixel electrode of pixels 
to be rewritten. 

20 4, An apparatus according to any one of Claims 

1-3, wherein said display apparatus further 
comprises an external Input device, and when said 
display apparatus receives display Information from a 
device other than the external Input device, said 

25 control circuit selects the display drive mode to 
execute display of the display Information on said 
display panel, and when said display apparatus 
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received display Inf ODcmatlon from the external Input 
device, said control circuit selects the rewriting 
drive mode to execute display of the display 
Information received from the external Input device. 

5. An apparatus according to Claim 4, wherein the 
external Input device Is a position Information input 
device superposed on said display panel. 

6. An apparatus according to Claim 4 or 5, 
wherein the external Input device Is a pen Input 
device or a handwriting Input device. 

7. An apparatus according to any one of Claims 
1-6, wherein said display apparatus is an 
electrophoretlc display apparatus. 

8. An apparatus according to any one of Claims 
1-6, wherein said display apparatus Is a liquid 
crystal display apparatus. 

9. An Input apparatus, comprising: 

a display panel Including pixels arranged In a 

matrix , 

pixel electrodes provided to the pixels, 
respectively, and a common electrode provided commonly 
to the pixels. 
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scanning lines and signal lines for supplying 
a voltage to said pixel electrodes, 

a drive circuit connected to said common 
electrode, said scanning lines, and said signal lines, 

a control circuit for providing a signal to 
said drive circuit, 

a position detection device for detecting a 
position designated by a positioning member and 
outputting Information on the detected position, 

wherein when there Is no output of said 
position detection device, said control circuit 
selects a display drive mode In which a gradation 
Image Is displayed on said display panel and said 
drive circuit applies a variable voltage to pixels 
through said scanning and data lines to display the 
gradation image on said display panel, and when there 
is an output of said position detection device, said 
control circuit selects a rewriting drive mode in 
which a part of pixels of said display panel is 
rewritten into black or white and said drive circuit 
scans a part of said scanning lines and applies a 
voltage, which is higher than a range of said variable 
voltage, to a part of pixels to rewrite the part of 
pixels corresponding to the position designated by the 
pointing member. 
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ABSTRACT 

An electrophoretlc display apparatus Includes 
a display panel 10 including gate line electrodes 33 
and source line electrodes 34 arranged in a matrix to 
provide a multiplicity of pixels at respective 
intersections of these electrodes, a gate line drive 
circuit 213 for driving the gate line electrodes 33, 
and a source line drive circuit 212 for driving the 
source line electrodes 34. When a display state of the 
display panel 10 is partially rewritten, a reference 
voltage of a common electrode 37 is switched to a 
negative voltage Vcom on the basis of 0 V which is a 
reference voltage at the time of multi-gradation level 
display. As a result, the display apparatus can be 
driven at a high voltage to permit high-speed 
rewriting of the display panel, so that a display 
response characteristic in writing of white/black 
binary data or black writing by pen input is improved. 
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@ Image Input device-integrated type display device. 

@ There is provided an image input device- 
integrated type display device concunBntly hav- 
ing an image display function, a document 
Image input function, and a pen Input function. 
A common electrode (Y) of the image input 
device-integrated type display unit (1) Is formed 
on a glass plate (28). A segment electrode (X) is 
formed on a micro lens (27) of a glass plate (29). 
An island electrode (23) located at each pixel is 
connected to the segment electrode (X) via a 
photoconductor (22). Liquid crystals (21) are 
interposed between the common electrode (Y) 
and the island electrode (23). In an image input 
mode, light reflected on a document is applied 
to the photoconductor (22) to control a voltage 
applied to the liquid cr^als (21). In a pen input 
mode, light from an input pen is applied to the 
photoconductor (22) to control a voltage ap- 
plied to the liquid crystals (21). In an image 
display mode, a voltage applied to the liquid 
crystals (21) is controlled according to image 
data of each pixel. Thus brightness data of the 
document, position data of the input pen, and 
image data corresponding to a display signal 
are written into the image input device-Inte- 
grated type display unit (1). 
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BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to an Image input 
device-integrated type display device for use in an in- 
formation apparatus such as a personal computer, a 
word processor, or an electronic notebook. 

2. Description of the Prior Art 

Information apparatuses such as a personal 
computer and a word processor are demanded to be 
further compacted and have a higher performance. 
In recent years, liquid crystal display devices are in- 
creasingly used as a display unit for the information 
apparatuses in order to comply with the demand for 
compacting and reducing the weight of the appara- 
tuses. 

Besides, as a data input device for the above- 
mentioned information apparatuses, there are in- 
creasingly used an image scanner (for taking out an 
object Image to be input as an electric signal) and a 
tablet (for designating an Input positton by means of 
a pen) other than a keyboard. 

However, to constitute an apparatus having an 
image display function, image input function, and 
pen input function, there has been conventionally no 
way except for the method of combining independent 
hardware units of a display device, an Image scanner, 
and a tablet. 

When such independent hardware units are com- 
bined to constitute an apparatus, there are per- 
formed only data communications between the hard- 
ware units by means of electric signals, where the 
hardware units are not combined effectively and or- 
ganically. 

However, when independent hardware units of a 
display device, an image scanner, and a tablet are 
merely combined with each other to constitute an ap- 
paratus in a manner as described above, the resulting 
apparatus is inevitably dimensionally increased. Fur- 
thermore, even when the hardware units have there- 
in common components, the components are to be 
redundantly used to result in significant wastefulness 
in terms of space and cost 

Particularly, the aforementioned image scanner 
is a bulky unit having a drive section, and therefore it 
is almost impossible to assemble an apparatus by in- 
tegrating the image scanner with other hardware 
units. 

SUMMARY OF THE INVENTION 

The object of the present invention is therefore to 
provide a compact image Input device-Integrated 
type display device which concurrently has an image 
display function, a document image Input function. 



and a pen input function. 

In order to achieve the aforementioned object, 
there is provided an image input device-integrated 
type display device comprising: a display unit having 

5 a plurality of transparent segment electrodes ar- 
ranged in parallel with each other on a transparent 
substrate; a plurality of transparent comnrusn electro- 
des arranged in parallel with each other on another 
transparent substrate, said conrunon electrodes be- 

10 Ing perpendicular to said segment electrodes, a pho- 
toconductor electrically connected to either the seg- 
ment electrode or the common electrode and ar- 
ranged in a pbcel composed of an area of intersection 
between the segment electrode and the common 

IS electrode, a transparent island electrode electrically 
connected to the photoconductor and arranged in be- 
tween the segment electrode and the common elec- 
trode relevant to the pixel, liquid crystals interposed 
between the island electrode and an electrode which 

20 is one of the segment electrode and the common 
electrode and is not electrically connected to the pho- 
toconductor, and a light shielding film for shielding 
only light entering from the side of the electrode 
which is one of the segment electrode and the com- 

25 mon electrode and is not electrically connected to the 
photoconductor so that the light does not reach the 
photoconductor; a display illumination light source 
which irradiates display illumination light in displaying 
an image on a pixel matrix composed of areas of In- 

$0 tersectlons between the plural segment electrodes 
and the plural common electrodes of the display unit; 
a document illumination light source which irradiates 
document llluminatton light in copying an optical im- 
age of a document into the pixel matrix of the display 

35 unit; a control light source which irradiates control 
light for optically controlling turning-on and turning- 
off of a voltage to be applied to liquid crystals of the 
display unit; a display control circuit which outputs a 
display signal for displaying an innageon the pixel ma- 

40 trix of the display unit; an Image input control circuit 
which outputs an image input signal for copying an 
optical image of the document into the pixel matrix of 
the display unit; an image read control circuit which 
outputs an image read signal for reading image data 

45 written in the liquid crystals of each pbcel constituting 
the pbcel matrix of the display unit in the form of an 
electric signal; a segment electrode drive circuit 
which drives the segment electrode based on the dis- 
play signal from the display control circuit, the image 

so input signal from the Image input control circuit, or the 
image read signal from the image read control circuit; 
a common electrode drive circuit which drives the 
common electrode based on the display signal from 
the display control circuit, the image inputsignal from 

55 the image input control circuit or the image read sig- 
nal from the image read control circuit; an image data 
detection circuit which detects the image data written 
in the pbcel matrix of the display unit In the form of an 
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electric signa); and a control circuit which copies the 
optical Innage of the document into the pixel nfiatrix by 
controlling the Iniage Input control circuit, the docu- 
ment illumination light source, and the control light 
source in an image input mode, reads the image data 
written in the pixel matrix in the form of an electric sig- 
nal by controlling the image read control circuit the 
image data detection circuit, and the control light 
source in an image read mode, and displays an image 
on the pixel matrix by controlling the display control 
circuit and the display illumination light source in an 
image display mode. 

According to the above, at the pbcel on which re- 
flection light Is incident from a white area of a docu- 
ment in the pbcel matrix of the display unit set in the 
initial state under the control of a control cirouit in the 
image input mode, the resistance of the photocon- 
ductor on which the reflection light strikes is made to 
have a low resistance, while a voltage is applied to the 
liquid crystals by the segment electrode drive cirouit 
and the common electrode drive cirouit based on the 
image input signal from the Image input control cirouit 
to thereby change the alignment state of the above- 
mentioned liquid crystals. 

Thus, the optical image of the document is cop- 
ied into the above-mentioned pbcel matrbc. 

Furthermore, in the image read mode, the resis- 
tance of the photoconductor of the pixel on which the 
control light is incident under the control of the above- 
mentioned control circuit is made to have a low resis- 
tance, while a voltage based on the image read signal 
from the image read control circuit is applied to the 
segment electrode or the common electrode. Then 
the image data written in the above-mentioned pbcel 
matrbc aro detected as an electric signal by the image 
data detection circuit. 

Furthermore, in the image display mode, the re- 
sistance of the photoconductor of the pixel on which 
the display illumination light is incident under the con- 
trol of the above-mentioned control cirouit is made to 
have a low resistance, while a voltage based on the 
display signal from the display control circuit is 
plied to the aforementioned liquid crystals to thereby 
change the alignment state of the liquid crystals ac- 
cording to the above-mentioned display signal. 

Thus, an image corresponding to the display sig- 
nal from the above-mentioned display control circuit 
is written into the above-mentioned pbcel matrix. 

In an embodiment, phase transition type liquid 
crystals having a storage function are used as the liq- 
uid crystals. 

According to the embodiment, in the aforemen- 
tioned image input mode, the alignment state of the 
phase trensition type liquid crystals is changed from 
the Grandjean state to the focalconic state and stored 
in the liquid crystals by the reflection light from the 
white area of the document to copy the optical image 
of the document Into the above-mentioned pbcel ma- 



trix. Furthermore, in the aforementioned image dis- 
play mode, the alignment state of the phase transition 
type liquid crystals is changed into the above- 
mentioned Grandjean state or the focalconic state 

5 and stored in the liquid crystals according to the 
aforementioned display signal to write the image cor- 
responding to the above-mentioned display signal 
into the above-mentioned pbcel matrix. 

Furthermore, the phase transition type liquid 

10 crystals exhibit a dielectric constant corresponding to 
the alignment state thereof. Therefore, in the afore- 
mentioned image read mode, a voltage signal which 
is, when a voltage is applied to one of the segment 
electrode and the common electrode, induced at the 

IS other electrode is detected by the aforementioned 
image data detection drcuit to read the image data 
written In the pbcel matrix as an electric signal. 

In an embcxJiment, n-type cholesteric liquid crys- 
tals, liquid crystals formed by mbcing n-type choles- 

20 teric liquid crystals with n-type nematic liquid crys- 
tals, or smectic-A liquid crystals having a storage 
function are used as the liquid crystals. 

According to the embodiment, in the aforemen- 
tioned image input mode, the alignment state of the 

25 n-type cholesteric liquid crystals, liquid crystals 
formed by mbcing n-type cholesteric liquid crystals 
with n-type nematic liquid crystals, or smectic-A liq- 
uid crystals is changed from the Grandjean state to 
the focalconic state by the reflection light from the 

30 white area of the document. Furthermore, in the 
aforementioned image display mode, the alignment 
state of the n-type cholesteric liquid crystals, liquid 
crystals formed by mbcing n-type cholesteric liquid 
crystals with n-type nematic liquid crystals, or smeo- 

35 tic-Aliquid crystals is changed to the Grandjean state 
or the focalconic state according to the above- 
mentioned display signal. Furthermore, in the afore- 
mentioned image read mode, a voltage signa! which 
is, when a voltage is applied to one of the segment 

40 electrode and the common electrode, induced at the 
other electrode is detected by the aforementioned 
image data detection circuit. 

There is provided an Image Input device-Integrat- 
ed type display device comprising: a display unit hav- 

45 ing a plurality of transparent segment electrodes ar- 
ranged In parallel with each other on a transparent 
substrate; a plurality of transparent common electro- 
des arranged In parallel with each other on another 
transparent substrate, said cx>mmon electrodes be- 

50 Ing perpendicular to said segment electrodes, a pho- 
toconductor electrically connected to either the seg- 
ment electrode or the common electrode and ar- 
ranged in a pbcel composed of an area of Intersection 
between the segment electrode and the comnfK>n 

55 electrode, a transparent island electrode electrically 
connected to the photoconductor and arranged in be- 
tween the segment electrode and the conunon elec- 
trode relevant to the pbcel, liquid crystals Interposed 
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between the island electrode and an electrode which 
is one of the segment electrode and the conrunon 
electrode and is not electrically connected to the pho- 
toconductor, and a polarizer for controlling a polariza- 
tion direct ton of only light entering from a side of the s 
electrode which is one of the segment electrode and 
the common electrode and is not electrically connect- 
ed to the photoconductor, said light being to able to 
reach the photoconductor when the light passed 
through the polarizer; a display illumination light 10 
source which irradiates display illumination light in 
displaying an image on a pbcel matrix composed of 
areas of intersections between the plural segment 
electrodes and the plural common electrodes of the 
display unit; a document illumination light source is 
which irradiates document illumination light in copy- 
ing an optical Image of a document Into the pbcel ma- 
im of the display unit; a control light source which ir- 
radiates control light for optically controlling turning- 
on and turning-off of a voltage to be applied to liquid 20 
crystals of the display unit; a display control circuit 
which outputs a display signal for displaying an Image 
on the pbcel matrix of the display unit; an image Input 
control circuit which outputs an image input signal for 
copying an optical image of the do(»jment into the 25 
pbcel matrix of the display unit; an Image read control 
circuit which outputs an image read signal for reading 
image data written in the liquid crystals of each pbcel 
constituting the pbcel matrix of the display unit In the 
form of an electric signal; a segment electrode drive 30 
circuit which drives the segment electrode based on 
the display signal from the display control circuit the 
image input signal from the image input control cir- 
cuit or the Image read signal from the Image read 
control circuit; a common electrode drive circuit which 36 
drives the common electrode based on the display 
signal from the display control circuit the Image input 
signal from the image input control circuit or the inv 
age read signal from the image read control circuit; 
an image data detection circuit which detects the Im- 40 
age data written in the pbcel matrix of the display unit 
in the form of an electric signal; and a control circuit 
which copies the optical Image of the document into 
the pixel matrix by controlling the image input control 
circuit the document illumination light source, and 45 
the control light source In an Image input mode, reads 
the image data written in the pbcel matrbc in the form 
of an electric signal by controlling the image read 
control circuit the Image data detection circuit, and 
the control light source In an Image read mode, and 50 
displays an Image on the pbcel matrix by controlling 
the display control circuit and the display Illumination 
light source in an image display mode. 

According to the above device, the polarization 
direction of only the light which enters from the side 55 
of the electrode which is one of the segment elec- 
trode and the common electrode of the display unit 
and Is not electrically connected to the photoconduc- 



tor is controlled by the polarizer before the light reach- 
es the photoconductor. Therefore, the presence or 
absence of the light Incident on the above-mentioned 
photoconductor from the above-mentioned electrode 
which is not electrically connected to the photocon- 
ductor is set by the above-mentioned polarizer. 

As a result when the operations of the above- 
mentioned image input nuxie, image read mode, and 
Image display mode are executed In the same man- 
ner as in the aforementioned first device, the resis- 
tance of the photoconductor Is also set by the light en- 
tering into the photoconductor from the electrode 
which is not electrically connected to the photocon- 
ductor to set the on/off condition of the voltage ap- 
plied to the liquid crystals. 

In an embodiment, ferroelectric liquid crystals 
are used as the liquid crystals. 

According to the embodiment in the aforemen- 
tioned image input mode, the alignment state of the 
ferroelectric liquid crystals Is changed from the state 
where they are perpendicular to (or in parallel with) 
the polarization direction of the polarizer to the state 
where they are In parallel with (or perpendicular to) 
the polarization direction of the polarizer by the re- 
flection light from a white area of a document to copy 
the optical Image of the document into the aforemen- 
tioned pbcel matrix. Furthermore, in the aforemen- 
tioned image display mode, the alignment state of the 
ferroelectric liquid crystals Is changed to the perpen- 
dicular state or to the parallel state according to the 
aforementioned display signal to write an image cor- 
responding to the display signal into the above- 
mentioned pbcel matrix. Furthermore, in the afore- 
mentioned image read mode, a specified voltage is 
applied to the above-mentioned ferroelectric liquid 
crystals to read the image data written in the above- 
mentioned pixel matrbc as an electric signal by means 
of the image data detection circuit 

In an embodiment the Image data detection cir- 
cuit detects a quantity of electric charges charged ac- 
cording to the Image data at the island electrode of 
each pbcel constituting the pbcel matrbc of the display 
unit the control light source can Irradiate light one by 
one on each electrode which is one of the segment 
electrode and the common electrode and is not eleo- 
trlcally connected to the photoconductor, and the 
control circuit reads the image data written in pbcel 
matrix in the form of an electric signal by detecting a 
quantity of electric charges charged at the Island 
electrode of the pbcel relevant to the one segment 
electrode or common electrode which is seiected by 
being irradiated by light of the control light source In 
the inftage read mode. 

According to the embodiment the island elec- 
trode which is in contact with the above-mentioned 
ferroelectric liquid crystals is charged with electric 
charges corresponding in quantity to the Image data. 
Therefore, In the aforementioned Image read mode, 
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a specified voltage is applied to the ferfX)electric liq- 
uid crystals based on the image read signal from the 
image read control circuit to detect the quantity of 
electric charges charged at the island electrode at the 
pixel pertinent to the one segment electrode or com- s 
mon electrode which is selected by being subjected 
to irradiation of light from the control light source by 
the image data detection circuit 

Thus the image data written in the aforemen- 
tioned pixel matrix are read as an electric signal. 10 

In an embodiment, there is provided an input pen 
which has a light source and emits light from the light 
source outwardly through its tip end, and the control 
circuit controls the image Input control circuit and the 
control light source in a pen input mode to allow an i nrv 15 
age input by means of the input pen to be written into 
the pixel matrix. 

According to the embodiment, in the pen Input 
mode, the pixel matrix of the display unit is set in the 
initial state under the control of the control circuit. 20 
Subsequently, the photoconductor of the pixel on 
which light directly from the light source of the input 
pen or reflection light Is incident Is made to have a low 
resistance, while a voltage based on the image input 
signal from the inrtage input control circuit is applied 25 
to the liquid crystals to change the alignment state of 
the liquid crystals. 

Thus, an image is written into the above- 
mentioned pixel matrix by the input pen. 

In an embodiment one of the two transparent 30 
substrates of the display unit is provided with a micro 
lens for condensing incident light thereto. 

According to the embodiment, by virtue of the mi- 
cro lens provided for one of the two transparent sub- 
strates of the aforementioned display unit, light which 35 
enters from the side of the transparent substrate at 
which the micro lens Is not provided and Is incident on 
the above-mentioned display unit is converged. 
Therefore, a sufficient quantity of light can be incident 
on the aforementioned photoconductor even when 40 
the quantity of light is reduced through reflection in, 
for example, the image input mode or the pen Input 
mode. 

Thus the brightness data of the document and 
the position data of the input pen are accurately writ- 45 
ten Into the aforementioned pbcel matrix. 

In an embodiment, at least one of the two trans- 
parent substrates of the display unit is comprised of 
a plate-shaped optical fiber array where optical fib- 
ers each having a specified length are arranged two- 50 
dimensionally with axial directions of the optical fib- 
ers extended In a thickness direction of the optical 
fiber array. 

According to the embodiment, light which is Inci- 
dent on the transparent substrate composed of a 55 
plate-shaped optical fiber array where optical fibers 
each having a specified length are arranged two-di- 
mensionally with the axial directions of the optical fib- 



ers extended in the thickness direction of the optical 
fiber array travels through the above-mentioned opt- 
ical fibers in the axial direction of the optical fibers. 
Thus the operation of each of the above-mentioned 
modes Is executed without cross-talk between pbcels 
nor loss In quantity of light 

In a embodiment the display illuminatton light 
source, the document illumination light source, and 
the control light source are comprised of one plate- 
shaped light source, and a side portion of the plate- 
shaped light source is pivotally mounted to a side por- 
tion of the display unit 

According to the embodiment the aforemen- 
tioned display unit is illuminated by the plate-shaped 
light source provided pivotally at a side of the display 
unit from the front surface or the back surface of the 
display unit at need. Thus the display illumination 
light source, the document illumination light source, 
and the control light source are concurrently provided 
by the above-mentioned one plate-shaped light 
source to execute the operation of each of the afore- 
mentioned modes. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present Invention will become more fully un- 
derstood from the detailed description given herein- 
below and the accompanying drawings which are giv- 
en by way of Illustration only, and thus are not limit- 
ative of the present invention, and wherein: 

Fig. 1 is a schematic diagram of an image input 
device-Integrated type display device In accor- 
dance with an embodiment of the present inven- 
tion; 

Fig. 2 is a sectional view of a part of an image in- 
put device-integrated type display device as 
shown in Fig. 1; 

Fig. 3 is a graph showing a voltage-transmittance 
characteristic of phase transition type tiquki crys- 
tals; 

Fig. 4 is a graph showing a voltage-dielectric con- 
stant characteristic of phase transition type liquki 
crystals; 

Figs. 5(a), 5(b) and 5(c) are diagrams for explain- 
ing an operation in an image input mode of an inv 
age input device-Integrated type display device 
employing phase transition type liquid crystals; 
Fig. 6 is a longitudinal section view of an input 
pen as shown in Fig. 1; 

Fig. 7 is a diagram for explaining an operation in 
an image read mode of an Image input device-in- 
tegrated type display device employing phase 
transition type liquid crystals; 
Fig. 8 is a diagram for explaining an operation in 
an image display mode of an image input device- 
integrated type display device employing phase 
transition type liquid crystals; 
Figs. 9(a), 9(b), 9(c) and 9(d) are diagrams for ex- 
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plaining a change of the state of current/ele^ric 

field effect type liquid crystals; 

Fig. 10 is a sectional view of a part of an Image 

input device-integrated type display device emv 

ploying ferroelectric liquid crystals; 

Figs. 11(a), 11(b), 11(c) and 11(d) are diagranns 

for explaining an operation in an image display 

mode of an image input device-integrated type 

display device employing ferroelectric liquid 

crystals; 

Figs. 12(a), 12(b) and 12(c) are diagranos for ex- 
plaining an operation in a pen input mode of an 
image input device-Integrated type display de- 
vice employing ferroelectric liquid crystals; 
Figs. 13(a), 13(b) and 13(c) are diagrams for ex- 
plaining an operation in a document image read 
mode of an image input device-integrated type 
display device employing ferroelectric liquid 
crystals; 

Figs. 14(a), 14(b) and 14(c) are diagrams for ex- 
plaining an operation in a document image read 
mode of an image input device-integrated type 
display device employing ferroelectric liquid 
crystals; 

Figs. 1 5 (a) and 1 5 (b) are diagrams for explaining 
an operation in an image read mode of an image 
input device-integrated type display device em- 
ploying ferroelectric liquid crystals; 
Figs. 16(a) and 16(b) are diagrams for explaining 
an operation in an Image display mode of an inv 
age input device-integrated type display device 
employing ferroelectric liquid crystals; 
Fig. 17 shows a perspective view of a part of a 
plate-shaped optical fiber array; and 
Figs. 18(a), 18(b) and 18(c) are diagrams show- 
ing a relation in position between an image input 
device-integrated type display device of Fig. 1 
and a back light 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

The following describes several embodiments of 
the present invention with reference to the attached 
drawings. 

Fig. 1 is a schematic diagram of an image input 
device-integrated type display device of the present 
embodiment 

The present Image input device-integrated type 
display device has several operatbn nnodes having 
the functions as follows. The operation modes are 
image display mode for writing an image into liquid 
crystals by means of an electric signal, a pen Input 
mode for writing an Image into liquid crystals by 
means of an input pen, an image input nfK>de for di- 
rectly copying an optical image of a document into liq- 
uid crystals, and an Image read mode for reading an 
image written in liquid crystals In the pen input mode 



and the image input mode in the form of an electric 
signal. 

Referring to Fig. 1, the above-mentioned image 
input device-integrated type display device compris- 

5 es basically an Image input device-integrated type 
display unit 1 composed of segment electrodes Xi, 
X2, ... Xfn (each of the segment electrodes indiscrimi- 
nately referred to as X hereinafter) arranged in par- 
allel In m columns and common electrodes Yi, Y2, ... 

10 Yn (each of the common electrode indiscriminately re- 
ferred to as Y hereinafter) arranged in parallel in n 
rows perpendicular to the segment electrode X and 
serving as an image input device, and a variety of per- 
ipheral cirouits provided for the Image input device- 

15 Integrated display unit 1 . 

Each common electrode Y is connected to a com- 
mon electrode drive circuit 2 and a common electrode 
selection circuit 4. On the other hand, each segment 
electrode X is connected to a segment electrode drive 

20 circuit 3. 

A display control circuit 6 generates a display sig- 
nal for displaying an Image on liquid crystals inter- 
posed between the segment electrode X and the 
common electrode Y of the image input device-inte- 

25 grated display unit 1 by applying avoltage to the liquid 
crystals in the aforementioned image display nfiode. 
Furthermore, the display control circuit 6 generates 
an initialization signal for putting the above- 
mentioned liquid crystals into the initial state in the 

30 pen Input mode or the image input mode. 

An image data detection control circuit 7 gener- 
ates an image read signal for reading an image writ- 
ten in the liquid crystals by applying a voltage to the 
segment electrode X of the image input device-lnte- 

35 grated display unit 1 In the aforementioned image 
read mode. 

An Intage Input control circuit 8 generates an InD- 
age input signal for writing an optical image of a docu- 
ment or a pen input i mage by applying a voltage to the 

40 liquid crystals by means of the segment electrode X 
and the common electrode Y of the image input de- 
vice-integrated display unit 1 in the aforementioned 
image input mode or the pen Input mode. 

A switching circuit 5 switches between the dis- 

45 play signal or the initialization signal from the afore- 
mentioned display control circuit 6. the Image read 
signal from the image data detection control circuit 7, 
and the image input signal from the image input con- 
trol circuit 8 to output the selected signal switchingly 

50 to the common electrode drive circuit 2 and the seg- 
ment electrode drive circuit 3. 

An image data detection circuit 9 detects a vol- 
tage induced at the oonnmon electrode Y of the image 
Input device-integrated display unit 1 as Image data 

55 in the image read mode. 

An input pen 10 designates an Input pixel when 
writing an Image Into the image input device-integrat- 
ed display unK 1 in the pen Input mode. 
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A back light 11 is controlled to be turned on and 
off and controlled of its position with respect to the 
image input device-integrated display unit 1 by a back 
light control circuit 12. The back light 11 irradiates 
light at need from the front or back side of the image s 
Input device-integrated display unit 1. 

A control drcuit 13 controls the display control 
circuit 6. image data detection control circuit 7, image 
input control circuit 8, image data detection circuit 9, 
and back light control circuit 12 to execute the oper- io 
ation in each of the image display mode, pen input 
mode. Image Input mode, and image read nrKxle. 

In more detail, the image input device-integrated 
display unit 1 constitutes the aforementioned display 
unit, and the image data detection control drouit 7 is 
constitutes the image read control circuit 

The image Input device-integrated type display 
device having the above-mentioned construction op- 
erates in the following manner in each of the opera- 
tion modes underthe control of the control circuit 13. 20 

In the aforementioned image display mode, first 
the switching circuit 5 is switched to the display con- 
trol circuit 6 to transmit the aforementioned display 
signal generated by the display control circuit 6 to the 
common electrode drive circuit 2 and the segment 2S 
electrode drive circuit 3 via the switching circuit 5. 
Then the common electrode drive circuit 2 and the 
segment electrode drive circuit 3 scans the common 
electrode Y and the segment electrode X of the im- 
age Input device-Integrated display unit 1 to apply a 30 
voltage corresponding to the display signal to the liq- 
uid crystals of each pixel of a pbcel matrix composed 
of the areas of intersections between the segment 
electrodes and the common electrodes. At the same 
time, the back light 11 is lit to display an image on the 35 
matrix of n X m pixels. In the above time, the polarities 
of the voltages applied to the segment electrode X 
and the common electrode Y are inverted every line 
or every frame in the same manner as In the general 
direct multiplexing matrix liquid crystal display de- 40 
vice. 

In the aforementioned image input mode, first 
the switching circuit 5 Is switched to the display con- 
trol circuit 6 side to transmit the initialization signal 
generated by the display control drcuit 6 to the com- 45 
mon electrode drive circuit 2 and the segment elec- 
trode drive circuit 3 via the switching circuit 5. Then 
the alignment state of the liquid crystals of the entire 
pbcel matrix of the Image Input device-integrated dis- 
play unit 1 is set in an initial state as described here- so 
inafter. 

Subsequently, the switching circuit 5 is switched 
to the Image input control circuit 8 side to transmit the 
aforementioned image Input signal generated by the 
Image input control circuit 8 to the common electrode 55 
drive drcuit 2 and the segment electrode drive circuit 
3 via the switching circuit 5. Then a voltage for writing 
the optical image of a document Is applied between 



the segment electrode X and the common electrode 
Y 

In the aforementioned pen input mode, first the 
switching drcuit 5 is switched to the display control 
circuit 6 side to set the alignment state of the liquid 
crystals of the aforementioned pbcel matrix in the in^ 
tial state. Subsequently, the switching circuit 5 is 
switched to the image input contrd circuit 8 side to 
transmit the aforementioned image Input signal gen- 
erated by the image input control circuit 8 to the conrv 
mon electrode drive circuit 2 and the segment elec- 
trode drive drcuit 3 via the switching circuit 5. Then 
a voltage for writing the position designated by the in- 
put pen 10 Is applied to the segment electrodes and 
the common electrodes. 

It is noted that the back light 1 1 , which is not nec- 
essary in the above case, Is unlighted. 

In the aforementioned image read mode, the 
switching drcuit 5 is switched to the image data de- 
tection contrd circuit 7 skie to transmit the Image 
read signal generated by the image data detection 
control circuit 7 to the segment electrode drive drcuit 
3 via the switching circuit 5. Then a voltage for reading 
an Image is successively applied to each segment 
electrode X by the segment electrode drive circuit 3. 

On the other hand, each common electrode Y is 
successively selected by the common electrode se- 
lection circuit 4, and an image signal induced at the 
selected oomnrran electrode Y is detected by the im- 
age data detection circuit 9 to be transmitted to the 
control circuit 13. 

It is noted that the back light 11 Irradiates light 
onto the image input device-Integrated display unit 1 
from behind the unrtl. 

Then the following describes in detail the image 
input device-integrated display unit 1 which is an Inrv 
portant component of the present invention. 

Fig. 2 is a sectional view showing a part of an inn- 
age input device-integrated type display unit 1 of the 
present embodiment taken along the common eleo- 
trode Y. Referring to Fig. 2, there are provided liquid 
crystals 21, photoconductors 22, and island electro- 
des 23. There are further provided segment electro- 
des X and common electrodes Y 

The above-mentioned segment electrode X, 
common electrode Y, and island electrode 23 are 
transparent electrodes made of indium tin oxide 
(ITO). In Fig. 2, the segment electrodes X extend in 
a direction perpendicular to the plane of the paper on 
which Fig. 2 is illustrated, and transverse cross sec- 
tions of two segment electrodes X exist. On the other 
hand, the common electrode Y extends in a direction 
parallel with the plane of the paper on which Fig. 2 is 
illustrated, and the longitudinal section of one conrv 
mon electrode Y exists. Hence an area of intersection 
between the segment electrode X and the common 
electrode Y constitutes a pixel. 

The aforementioned island electrode 23 is pro- 
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vided for each pixel, and each island electrode 23 is 
surrounded by a transparent insulator 24. Therefore, 
Island electrodes 23 are electrically isolated from 
each other. 

The aforementioned photoconductor 22 has an 
infinitesimal section area and is arranged in an ap- 
proximate center position of each pixel. The segment 
electrode X and the Island electrode 23 constituting 
each pixel are electrically connected to each other by 
way of the photoconductor 22. The photoconductors 
22 are surrounded by the above-mentioned transpar- 
ent insulator 24. 

The photoconductor 22 is a material of which re- 
sistivity changes when it receives light The photo- 
conductor 22 is made of cadmium sulfide (CdS), cad- 
mium telluride (CdTe), selenium (Se), zinc sulfide 
(ZnS), bismuth silicate crystal (BSO). amorphous sil- 
icon, organic photoconductor, or the lilce. 

The transparent insulator 24 for electrically iso- 
lating the photoconductors 22 is made of silicon oxide 
(Si02), titanium oxide (UO^, or an organic material 
such as resist 

There Is formed a light-shielding film 25 on the 
common electrode Y above the photoconductor 22. 
The light-shielding film 25 prevents incident light 
through a glass plate 28 from directly entering into the 
photoconductor 22. The light-shielding film 25 is com- 
posed of a thin film made of aluminum (Al), tungsten 
(W), tungsten silicide (WSi), or the like. 

Atransparent insulator 26 is made of silicon oxide 
(SiOz), titenium oxide (TiOs), an organic notarial such 
as resist or rubber for the purpose to flatten the un- 
evenness generated due to the light-shielding film 25. 

Each of glass plates 28 and 29 function as a 
transparent substrate for encapsulating the afore- 
mentioned liquid crystals 21. Therefore, the glass 
plates 28 and 29 may be each made of a transparent 
plastic plate or a transparent ceramic plate. 

In a position corresponding to each pixel on the 
Interior surfece of the glass plate 29 Is formed a micro 
lens 27 protruding into the glass plate 29. The micro 
lens 27 has a function of condensing incident illumin- 
ation light transmitted through the glass plate 28 and 
light reflected on a document and the convergent 
point of the lens is located at around the exterior sur- 
face of the glass plate 29. The micro lens 27 Is formed 
by making the glass plate 29 have a refractive index 
distribution or a curved surface, or by bundling opti- 
cal fibers. 

The aforementioned liquid crystels 21 are com- 
posed of liquid crystels which have a storage function 
and exhibits a change of dielectric constant thereof 
between a state where they display a black color and 
a state where they display a white color (referred to 
merely as "between black and white colors" herein- 
after). The following describes an example employing 
phase transition type liquid crystals. 

The phase transition type liquid crystals are com- 



posed of p-type cholesteric liquid crystals or liquid 
crystals formed by mbcing p-type cholesteric liquid 
crystals with p-type nematic liquid crystals. Fig. 3 
shows a voltage-transmtttance characteristic of liquid 

5 crystals of the above-mentioned type. 

Referring to Fig. 3, in an initial state where an ap- 
plied voltage Is lower than "Vthl", the liquid crystals 
are in the Grandjean state where the helical axes of 
the cholesteric liquid crystal molecules are aligned in 

10 a direction perpendicular to the electrode surface. In 
the Grandjean state. Incident tight perpendicular to 
the electrode surface is transmitted. When the ap- 
plied voltage is gradually increased above "Vthl", the 
liquid crystals are put into the focalconic state where 

15 the directions of the helical axes which have been 
aligned in a direction perpendicular to the electrode 
surface are disordered to be directed in irregular di- 
rections. In the focalconic state, the refractive index 
is disordered to diffuse light with which the liquid 

20 crystals become turbid whitely. 

Then, according as the applied voltage is further 
increased, the helical axis pitch of the cholesteric liq- 
uid crystals increases. When the applied voltage ex- 
ceeds a threshold voltage 'Vth2", the liquid crystals 

25 are transformed into nematic liquid crystals where liq- 
uid crystal molecules are aligned In the direction of an 
electric field (i.e., a homeotropic orientation). In the 
homeotropic orientation, the liquid crystals are optl- 
cally transparent 

30 It Is noted that the voltage to be applied to the liq- 
uid crystals may be an AC voltage or a DC voltage. 

In order to store the state of the liquid crystals as 
described above, the applied voltage to the liquid 
crystals is required to be "0". For instance, when the 

35 applied voltage is made to be "0" in the focalconic 
state, the focalconic state is maintained and stored. 
When the applied voltage Is abruptly made to be "0" 
in the homeotropic orientation state, the liquid crys- 
tals are transformed Into the Grandjean state, and the 

40 Grandjean state is maintained and stored to maintain 
the transparent state. 

The above-mentioned liquid crystals are dieleo- 
trk: substance, and therefore the liquid crystals ex- 
hibit a dielectric polarization when an electric field is 

45 applied to the liquid crystals. Fig. 4 shows a change 
of dielectric constant between black and white colors 
corresponding to the state of the liquid crystals as 
shown in Fig. 3. Referring to Fig. 4, the dielectric con- 
stant Increases while the liquid crystals are trans- 

50 formed from the Grandjean state via the focalconic 
state to the homeotropic orientation. 

As liquid crystals which have the above- 
mentioned storage function and exhibit a change of 
dielectric constant between black and white colors, 

55 there are liquid crystals of a type which Is to be sub- 
jected to a write operation by a current effect and an 
erasing operatton by an electric field effect (the liquid 
crystals referred to as the "current/electric field ef- 



8 



15 



EP 0 601 837 A2 



16 



feet type liquid crystals* hereinafter) such as n-type 
cholesteric liquid crystals, liquid crystals formed by 
mixing n-type cholesteric liquid crystals with n-type 
nematic liquid crystals, and smectlc-A liquid crystals, 
and ferroelectric liquid crystals other than the above- 
mentioned phase transition type liquid crystals. 

First Embodiment 

Then the following describes the principle of op- 
eration of the image input device-integrated display 
unit 1 employing phase transition type liquid crystals 
as the liquid crystals 21 in regard to each of the afore- 
mentioned modes with reference to Figs. 5 through 8. 

(1) Image input mode (in which the optical image of 
a document is optically written directly Into the 
image input device-integrated display unit) 

In a first step, the liquid crystals 21 are entirely 
put into a transparent state (i.e., into the aforemen- 
tioned Grandjean state) (Fig. 5 (a)). 

Control light is irradiated on the entire surface of 
the liquid crystals by the back light 11 from the side 
of the glass plate 29, and a voltage which is not lower 
than 'Vth2" is applied across segment electrodes X 
and comnrK}n electrodes Y from a power source 30 
based on the aforementioned initialization signal 
from the display control circuit 6. In the above time, 
a voltage may be successively applied to each seg- 
ment electrode X and each common electrode Y, or 
simultaneously applied to all the segment electrodes 
X and all the common electrodes Y. 

Thus the photoconductor 22 is made to have a 
low resistance by the incident light from the side of 
the glass plate 29, with which the segment electrode 
X and the island electrode 23 connected to the pho- 
toconductor 22 are made to have an approxinrtately 
equal potential. Consequently, a voltage approxi- 
mately equal to the voltage "Vth2'' supplied from the 
power source 30 (the voltage is slightly reduced by a 
voltage drop due to the photoconductor 22) is applied 
to the liquid crystals 21, with which the liquid crystals 
21 are put into the homeotroplc orientation. 

Subsequently, when the voltage applied across 
the above-mentioned segment electrode X and the 
common electrode Y is abruptly made to be "0", the 
liquid crystals 21 are restored from the homeotroplc 
orientation to the Grandjean state to maintain a trans- 
parent state. Then the control light from the side of 
the glass plate 29 is turned off. 

Thus the liquid crystals 21 are entirely put into a 
transparent state to put the liquid crystals 21 into the 
Initial state before Image Input 

In a second step, reflection light from a document 
31 is copied into the liquid crystals 21 (refer to Figs. 
5(b) and 5(c)). 

The document 31 is placed under the glass plate 



29 with the document substantially closely fit to the 
glass plate 29. Based on an image input signal from 
the image input control circuit 8, a voltage which is not 
lower than "Vthl" and lower than "Vth2" is applied 

5 across each segment electrode X and each common 
electrode Yfrom the power source 30. In the above 
time, a voltage may be successively applied to each 
segment electrode X and each common electrode Y, 
or simultaneously applied to all the segment electro- 

10 des X and all the common electrodes Y. 

Then document illumination light is irradiated on 
the entire surface of the glass plate 28 by the back 
light 11 from the glass plate 28 side. Since the liquid 
crystals 21 have been already made to be transpar- 

is ent in the aforementioned first step, the document il- 
lumination light incident on the glass plate 28 reaches 
the micro lens 27 by way of the transparent Insulator 
26, common electrode Y, liquid crystals 21, Island 
electrode 23, transparent insulator 24, and segment 

20 electrode X except for the area of the light-shielding 
film 25. Then the light is converged on the document 
31 by the micro lens 27. 

In the case where the convergence light strikes 
on a white area of the document 31 . the light Is ref lect- 

25 ed on the white area as shown in Fig. 5 (b). A part of 
the reflection light is transmitted through the seg- 
ment electrode X to be Incident on the photoconduc- 
tor 22. 

Then the photoconductor 22 on which the light 
30 Strikes is made to have a low resistance, with which 
the segment electrode X and the island electrode 23 
connected to the photoconductor 22 are made to 
have an approximately equal potential. 

Consequently, a voltage approximately equal to 
35 the voltage which is not lower than "Vthi" and lower 
than "Vth2' applied across the segment electrode X 
and the common electrode Y is applied across the is- 
land electrode 23 and the common electrode Y. 
Therefore, the liquid crystals 21 constituting the pix- 
40 els in the area of the photoconductor 22 on which the 
light strikes are transformed from the Initial Grand- 
jean state into the focalconic state to be turbid white- 

ly. 

In other words, the white area of the document 31 
45 is invertedly written into the iiqukJ crystals 21 as a 
black area. 

In contrast to the above, in the case where the 
convergence light strikes on a black area of the docu- 
ment 31, no light Is reflected on the black area as 
so shown in Fig. 5 (c). and therefore no light strikes on 
the photoconductor 22. Therefore, the photoconduc- 
tor 22 on which no light strikes remains having a high 
resistance. 

In the above case, by setting the resistance of 
55 the photoconductor 22 In condition where no light 
strikes on It (the resistance in this condition referred 
to as the "dark resistance" hereinafter) at a value suf- 
ficiently higher than the resistance of the liquid crys- 
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tals 21 , almost no voltage is applied across the island 
electrode 23 and the common electrode Y because of 
a significant voltage drop across the segment elec- 
trode X and the Island electrode 23. 

Consequently, a voltage which Is lower than 
"Vthl" is applied across the Island electrode 23 and 
the common electrode Y. Therefore, the liquid crys- 
tals 21 constituting the pixels in the area of the pho- 
toconductor 22 on which no light strikes maintain the 
initial Grandjean state to be transparent 

In other words, the black area of the document 31 
is invertedly written Into the liquid crystals 21 as a 
white area. 

Thus in the image input mode, a negative image 
of the document 31 is written into the matrix of n x m 
pixels of the image input device-integrated display 
unltl. 

In order to store the optical image of the docu- 
ment 31 which has thus written in the pixel matrix of 
the image input device-integrated display unit 1 into 
the liquid crystals 21, the voltage applied across the 
segment electrode X and the common electrode Y 
from the power source 30 Is required to be "0", and 
the document Illumination light is required to be re- 
moved. 

The image input mode Is described above by ex- 
emplifying the case where the optical image of the 
document 31 is stored into the liquid crystals 21 by 
means of the reflection light from the document 31. 
However, the image input device-integrated display 
unit 1 of the present embodiment can store the optical 
image of the document 31 into the liquid crystals 21 
by means of a transmission light from a transparent 
document. 

The following describes the image Input mode 
using a transparent document. 

In order to write the optical Image of the transpar- 
ent document into the liquid crystals 21 , the transpar- 
ent document is placed under the glass plate 29, and 
document illuminatton light is radiated by the back 
light 11 from under the transparent document. In the 
above case, either a negative image or a positive i m- 
age of the document can be written into the afore- 
mentioned pixel matrix. 

In the case where the negative image is written, 
a voltage which Is not lower than "Vthi" and lower 
than 'Vth2" is applied across the segment electrode 
X and the common electrode Y from the power 
source 30 with the initial state set In the Grandjean 
state in the same manner as in the aforementioned 
case where the optical Image of the document 31 is 
stored into the liquid crystals 21 by means of the re- 
flected light from the document 31. 

A part of light transmitted through a transparent 
portion of the transparent document Is transmitted 
throughthe segment electrode X to strike on the pho- 
toconductor 22. Consequently, a voltage approxi- 
mately equal to the voltage which is not lower than 



"Vthi" and lower than 'Vth2° and is applied across 
the segment electrode X and the common electrode 

Y is applied to the liquid crystals 21, with which the 
liquid crystals 21 constituting the pbcels in the area of 

5 the photoconductor 22 on which the light strikes are 

transformed from the initial Grandjean state to the fo- 

calconic state to be turi)id whitely. 

in other words, the transparent area of the 

above-mentioned transparent document is invertedly 
10 written and stored into the liquid crystals 21 as a black 

area. 

In contrast to the above, the photoconductor 22 
which is shielded from the document illumination light 
by an opaque portion of the document remains hav- 

15 ing a high resistance. Consequently, a voltage which 
is lower than "Vthi" is applied to the liquid crystals 21 , 
while the liquid crystals 21 constituting the pixels In 
the area of the photoconductor 22 on which no light 
strikes maintain the initial Grandjean state to be 

20 transparent. 

In other words, the opaque area of the above- 
mentioned transparent document is invertedly writ- 
ten and stored into the liquid crystals 21 as a white 
area. 

25 Thus the negative image of the above- 
mentioned transparent document is written into the 
pixel matrix of the image Input device-integrated dis- 
play unit 1. 

Then the following describes the case where the 
30 aforementioned positive image is written. 

In order to write the positive image, a voltage 
which is not lower than "Vth2" is applied across the 
segment electrode X and the common electrode Y 
from the power source 30 with the Initial state set In 
35 the focalconic state (where the liquid crystals are tur- 
bid whitely). 

Then a part of light transmitted through a trans- 
parent portion of the above-mentioned transparent 
document is transmitted through the segment elec- 
40 trode X to strike on the photoconductor 22. Conse- 
quently, a voltage approximately equal to the voltage 
which is not lower than 'Vth2'' and is applied across 
the segment electrode X and the common electrode 

Y is applied to the liquid crystals 21, with which the 
45 liquid crystals 21 constituting the pbcels in the area of 

the photoconductor 22 on which the light strikes are 
transformed from the initial focalconic state to the ho- 
meotropic orientation to be transparent. 

In other words, the transparent area of the 

so above-mentioned transparent document Is written 
and stored into the liquid crystals 21 as a white araa. 

In contrast to the above, the photoconductor 22 
which is shielded from the document illumination light 
by an opaque portion of the above-mentioned trans- 

55 parent document remains having a high resistance. 
Consequently, a voltage which is lower than the 
"Vth2" is applied to the liquid crystals 21 . In the above 
case, by setting the dark resistance of the photocon- 

10 
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ductor 22 at a value such that the voltage across the 
island electrode 23 and the common electrode Y Is 
notlowerthan "Vthl'and lowerthan •Vth2", a voltage 
which Is not lower than "Vthl" and lower than 'Vth2" 
and is applied to the liquid crystals 21. 

Therefore, the liquid crystals 21 constituting the 
pixels in the area of the photoconductor 22 which is 
shielded from the document illumination light main- 
tain the initial focalconic state to be turbid whitely. 

In other words, the opaque area of the above- 
mentioned transparent document is written and stor- 
ed into the liquid crystals 21 as a black area. 

Thus the positive image of the above-mentioned 
transparent document is written into the pixel matrix 
of the image input device-integrated display unit 1. 

It Is noted that the light-shielding film 25 is not 
necessary when the optical Image of the above- 
mentioned transparent document is written into the 
pixel matrix of the image input device-integrated dis- 
play unit 1. 

The control light and the document illumination 
light in the case where the optical image of the docu- 
ment 31 is stored Into the liquid crystals 21 by means 
of the reflection light from the document 31 are ob- 
tained by moving the bade light 11 on the side of the 
glass plate 28 or on the side of the glass plate 29 of 
the image input device-integrated display unit 1 as 
described in detail hereinafter. 

(2) Pen input mode (in which an image Is written 
into the Image input device-integrated display unit 
by means of an Input pen which emits light) 

Fig. 6 shows a sectional view of the above- 
mentioned input pen 10. The input pen 10 has a built- 
in light source 41 composed of an LED (Light- 
Emitting Diode), a semiconductor laser, an EL (Elec- 
tro Luminescence), or the like. Light emitted from the 
light source 41 Is conducted to the tip of the pen by 
way of a photoconducting path 42 composed of a 
plastic fiber or the like. The photoconducting path 42 
is covered with a sleeve 43, where the tip of the 
sleeve 43 is slightly protruding from the tip of the 
photoconducting path 42. 

An axially inward end of the sleeve 43 is fitted to 
an end of a spring 44. The other end of the spring 44 
is put in contact with a pen touch switch 45. With the 
above-mentioned arrangement, when the tip of the 
Input pen 10 (i.e., the tip of the sleeve 43) is pressed, 
the pen touch switch 45 is turned on to be able to dis- 
criminate whether the operator is in an input opera- 
tion. 

A pen control circuit 46 makes the light source 41 
emit light by transmitting a light source control signal 
upon reception of an "on signal" (referred to as a 
"touch signal" hereinafter) from the pen touch switch 
45. It is noted that a power Is supplied from a small- 
size battery 47 to the pen control circuit 46. 



A casing 48 has a cylindrical configuratk>n to 
serve as an exterior wall which supports the sleeve 
43 with its conical end portion and fbces the above- 
mentioned light source 41, spring 44, pen touch 
5 switch 45, pen control circuit 46, and small-size bat- 
tery 47. 

The pen input mode operation is executed in the 
same manner as in the case where the optical image 
in the white area of the document31 is written into the 

10 liquid crystals. The following describes the operation 
with reference to Fig. 5 (b). 

After the liquid crystals 21 of the image input de- 
vice-integrated display unit 1 are put into an initial 
state (Grandjean state: transparent state), a voltage 

15 which is not lower than "Vthl" and lower than "Vth2" 
is applied across the segment electrode X and the 
conrunon electrode Y from the power source 30 based 
on the image input signal from the Image input con- 
trol circuit 8. On the other hand, a white sheet is 

20 placed under the glass plate 29 with the sheet sub- 
stantially closely fit to the glass plate 29. 

Now the tip of the input pen 10 is placed in an 
area on the glass plate 28 corresponding to the write 
pixels of the pixel matrix of the Image input devlce- 

25 integrated display unit 1, and then the casing 48 of 
the input pen 10 is pressed against the glass plate 26. 
By so doing, the pen touch switch 45 Is turned on to 
make the light source 41 emit light 

Then, the light conducted from the light 80urce41 

30 to the photoconducting path 42 is emitted from the tip 
of the sleeve 43 to enter into the image input device- 
integrated display unit 1 . The light which is converged 
by the micro lens 27 and transmitted through the inv 
age input device-Integrated display unit 1 1s reflected 

35 on the white sheet to strike on the photoconductor 22. 
Consequently, the resistance of the photoconductor 
22 Is reduced, and a voltage which Is not lower than 
"Vthl" and lower than "Vth2" is applied to the liquid 
crystals 21 constituting the relevant pixel to thereby 

40 transform the liquid crystals 21 Into the focalconic 
state (where the liquid crystals are turt)id whitely). 

Subsequently, when the input pen 10 is moved 
out of the relevant pbcel area or the Input pen 10 Is put 
apart from the image input device-integrated display 

45 unit 1 to turn off the pen touch switch 45, no light is 
Incident on the relevant pbcel to make the resistance 
of the photoconductor 22 be the dark resistance. 
Consequently, a great voltage drop takes place at the 
photoconductor 22 with which the voltage applied to 

so the liquid crystals 21 is made to be "0". 

Thus the liquid crystals 21 in the relevant pixel 
area put in the focalconic state by the pen input main- 
tain the focalconic state. In otherwords, dark data are 
written into the liquid crystals 21 In the relevant pbcel 

55 area by the pen input 

By drawing a character or a figure on the Image 
input device-integrated display unit 1 by means of the 
input pen 10 In the above-mentioned manner, the 

11 
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character or figure is written into the pixel matrix. 

In the above case, by time-sharingly processing 
the above-mentioned pen input mode and the image 
read mode described in detail hereinafter, the coor- 
dinates of the pbcel currently designated by the input 
pen 10 can be detected. 

In the above-mentioned pen input mode, a part 
of image already written in the pixel matrix of the im- 
age input device-integrated display unit 1 can be 
erased. 

In order to do so, a voltage which Is not lower than 
"Vth2' is applied across the segment electrode X and 
the conunon electrode Y from the power source 30. 
By tracing the line which is desired to be erased by 
means of the input pen 1 0, the liquid crystals 21 in the 
relevant pbcel area in which the dark data pertinent to 
the objective line to be erased are written is trans- 
formed from the fbcalconic state to the homeotropic 
orientation. 

Thus the dark data written in the liquid crystals 
21 in the relevant pixel area are rewritten into light 
data to erase the objective line to be erased. 

(3) Image read mode (in which an image written in 
the image input device-integrated display unit is 
read as an electric signal) 

Fig. 7 is a schematic sectional view of the above- 
mentioned Image input device-integrated display unit 
1 , where elements irrelevant to the image read mode 
are eliminated. 

The liquid crystals 21 of the pixels constituting 
the pixel matrix of the image input device-integrated 
display unit 1 are in the Grandjean state, focalconic 
state, or a state between them according to the bright- 
ness data written in the image input mode or the pen 
input mode. 

Control light is irradiated by the backlight 11 from 
the side of the glass plate 29. Then the incident light 
strikes on the photoconductor 22 to make the photo- 
conductor 22 have a low resistance. 

In the above-mentioned condition, each segment 
electrode X Is successh^ely scanned by successively 
applying pulses of a voltage which is not higher than 
•Vthl" to the segment electrodes Xa. Xb. Xc. Xd. ... 
by means of the segment electrode drive circuit 3 
based on image read data from the image data de- 
tection control circuit 7. Since the photoconductor 22 
has a low resistance in the above case, island elec- 
trodes ... 23a, 23b, 23c, 23d, connected to the segment 
electrode X via each photoconductor 22 are scanned 
by the pulses of the voltage which Is not higher than 
"Vthl". 

Thus the pulses of the voltage which is not higher 
than "Vthl" are successively applied to the liquid 
crystals 21 of pbcels in each column of the aforemen- 
tioned pbcel matrix, where the alignment state of the 
liquid crystals 21 Is not changed by the voltage. 



The common electrode Y and the island elec- 
trode 23 arranged with interposition of the liquid crys- 
tals 21 being a dielectric substance are electrostati- 
cally coupled. Therefore, a voltage is induced at the 

5 common electrode Y due to the pulse voltage applied 
to the island electrode 23. In the above case, the 
magnitude of the induction voltage corresponds to 
the electrostatic capacitance across the island elec- 
trode 23 and the common electrode Y. In otherwords, 

10 the greater the electrostatic capacitance across the 
island electrode 23 and the common electrode Y is, 
the greater the voltage induced at the common elec- 
trode Y will be. 

Since the distance between the island electrode 

15 23 and the convnon electrode Y Is constant, the elec- 
trostatic capacitance across the island electrode 23 
and the common electrode Y varies according to the 
dielectric constant of the liquid crystals 21. The di- 
electric constant of the liquid crystals 21 varies ac- 

20 cording to the alignment state of the liquid crystal mol- 
ecules as shown in Fig. 4. According to the alignment 
state of the liquid crystal molecules, the brightness 
condition to be written is determined. Therefore, the 
alignment state (i.e, brightness condition) of the liquid 

25 crystals 21 can be detected by detecting the voltage 
induced at the common electrode Y. The voltage sig- 
nal induced at the common electrode Y is amplified 
and shaped by the image data detection circuit 9. 
Thus the brightness data written Into each pbcel 

30 of the pixel matrix of the Image Input device-Integrat- 
ed display unit 1 are read as an induction voltage at 
the common electrode Y. 

Specifically, a voltage which is not higher than 
"Vthi " is successively applied to the segment electro- 

35 des Xt through X^ by means of the segment elec- 
trode drive circuit 3 in the period when the comnnon 
electrode Yt is selected by the common electrode se- 
lection circuit 4 as shown in Fig. 1 to transmit the time 
series of the read induction voltage pertinent to all the 

40 pbcels of the common electrode Yi to the image data 
detection circuit 9. 

When the brightness data of the pbcels in the 1st 
row and m columns are read in the above-mentioned 
manner, the common electrode Y2 Is selected by the 

45 conunon electrode selection circuit 4 and a voltage 
which is not higher than "Vthl" is applied to the seg- 
ment electrodes Xi through X^ by means of the seg- 
ment electrode drive circuit 3 to read the brightness 
data of the pixels In the 2nd row and m columns. 

so The above-mentioned operation Is repeated to 
read the brightness data (i.e, image data) of the ma- 
trix of pbcels in n rows and m columns as an electric 
signal. 

Although the control light is irradiated from the 
55 side of the glass plate 29 in order to make the photo- 
conductor 22 have a low resistance in the example 
described above, such a measure is not always re- 
quired to be taken. 

12 
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When the above measure is not taken, the elec- 
trostatic capacitance which generates the induction 
voltage at the conmon electrode Y is a synthetic 
electrostatic capacitance formed by successively 
connecting the electrostatic capacitance across the 
segment electrode X and the island electrode 23 with 
the electrostatic capacitance across the island elec- 
trode 23 and the common electrode Y. Therefore, the 
induction voltage generated at the common electrode 
Y depending on the alignment state of the liquid crys- 
tals 21 constituting each pbcel exhibits a reduced va- 
riance in level and an increased irrelevant DC compo- 
nent voltage. 

Because of a great voltage drop due to the dark 
resistance of the photoconductor 22, a voltage which 
is not lower than "Vthl" can be applied across the 
segment electrode X and the common electrode Y to 
allow the reduction of variance in level to be sup- 
pressed to some extent 

(4) Image display mode (in which an image is 
written into the image input device-integrated 
display unit by means of an electric signal) 

The operation in the present mode is the same as 
In the Image display nrrode of the conventional liquid 
crystal display. 

Fig. 8 shows a schematic sectional view of the 
image Input device-integrated display unit 1, where 
elements irrelevant to the image display mode are 
eliminated. 

Illumination light Is irradiated by the backlight 11 
from the side of the glass plate 29. Then the incident 
light strikes on the photoconductor 22 to make the 
photoconductor 22 have a low resistance, with which 
the Island electrode 23 and the segment electrode X 
are made to have an approximately equal potential. 
Therefore, a voltage approximately equal to the vol- 
tage applied to the segment electrode X appears at 
the Island electrode 23. 

First, the common electrode Yi in the 1st row is 
selected by the common electrode drive circuit 2 to re- 
ceive a specified voltage. In the above condition, a 
voltage corresponding to image data is applied to the 
segment electrode Xa by the segment electrode drive 
circuit 3 based on a display signal from the aforemen- 
tioned display control circuit 6 (refer to Fig. 1). Con- 
sequently, an approximately equal voltage is applied 
to the Island electrode 23a, while a voltage approxi- 
mately equal to the voltage across the segment elec- 
trode Xe and the common electrode Yi (the voltage 
referred to as the "display voltage" hereinafter) is ap- 
plied to the liquid crystals 21 in the area of the island 
electrode 23a. 

Therefore, when the above-mentioned display 
voltage is notlowerthan "VthTand lower than "Vth2" 
as shown in Fig. 3, the liquid crystals 21 in the rele- 
vant pbcel area are put Into the focalconic state and 



dark data are written into the liquid crystals. In con- 
trast to the above, when the display voltage is not low- 
er than 'Vth2", the liquid crystals 21 in the relevant 
pixel area are put into the homeotropic orientation 

5 and light data are written into the liquid crystals. 

Then a voltage corresponding to image data is 
applied to the segment electrode Xt, by the segment 
electrode drive circuit 3. Consequently, a voltage ap- 
proximately equal to the display voltage is applied to 

10 the liquid crystals 21 in the area of the relevant island 
electrode 23b, ^nd light data or dark data are written 
into the relevant liquid crystals 21 according to the 
display voltage. 

By repeating the above-mentioned operation, 

IS voltages corresponding to the image data are suc- 
cessively written into the segment electrodes Xi, 
X2, ... Xm under the control of the segment electrode 
drive circuit 3, with which the image is written into the 
pbcels in the Ist row and m columns of the aforemen- 

20 tioned pbcel matrix. 

Then, the common electrode Y2 in the 2nd row is 
selected by the common electrode drive circuit 2 to 
receive a specified voltage. In the above condition, 
voltages corresponding to the image data are suc- 

25 cessively applied to all the segment electrodes X^, 
X2, ... Xffl by the segment electrode drive cirouit 3, 
with which the image is written into the pbcels in the 
2nd row and m columns. 

Subsequently, the above-mentioned operation Is 

30 repeated to write the image into the matrix of pixels 
in n rows and m columns to display the image. 

The above are the principle of operations in each 
of the image input mode, pen input mode, image read 
mode, and image display mode of the image input de- 

35 vice-integrated display unit 1 employing phase tran- 
sition type liquid crystals as the liquid crystals 21. 

In the present embodiment as described above, 
phase transition type liquid crystals are interposed 
between the comnrK>n electrode Y formed via the 

40 light-shielding film 25 on the glass plate 28 and the 
island electrode 23 of each pixel electrically connect- 
ed via the photoconductor 22 to the segment elec- 
trode X formed on the glass plate 29 to constitute the 
image input device-integrated display unit 1. 

45 In the image input mode, the phase transition 
type liquid crystals in all the pbcels of the pbcel matrix 
composed of the areas of intersections between a 
plurality of segment electrodes X and a plurality of 
common electrodes Y are put into the Grandjean 

so state under the control of the display control circuit 6, 
image input control circuits, and backlight control cir- 
cuit 12. Subsequently, reflectton light from the white 
area of the document 31 is made to strike on the pho- 
toconductor 22 to make the photoconductor 22 have 

55 a low resistance to thereby put the phase transition 
type liquid crystals of the pbcels on which the reflec- 
tion light strikes into the focalconic state. 

Thus the optical Image of the document Is copied 
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into the pixel matrix. 

In the pen input ntode, the phase transition type 
liquid crystals In ail the pixels of the pixel nnatrix are 
put into the Grandjean state under the control of the 
display control circuit 6, Inrtage input control circuit 8. s 
and backlight control circuit 12. Subsequently, reflec- 
tion light of the light from the light source 41 of the in- 
put pen 10 is made to strike on the photoconductor 
22 to make the photoconductor 22 have a low resis- 
tance to thereby put the phase transition type liquid io 
crystals of the pbcels at which the pen input took place 
Into the focalconic state. 

Thus the image is written into the above- 
mentioned pixel matrix by means of the input pen 10. 

in the image read mode, the control light from the is 
back light 11 is made to strike on the photoconductor 
22 to make the photoconductor 22 have a low resis- 
tance to thereby scan the island electrodes 23 suc- 
cessively with a voltage such that it does not change 
the state of the phase transition type liquid crystals 20 
under the control of the image data detection control 
circuit 7 and the back light control circuit 12. In the 
above time, each common electrode Y is successive- 
ly selected by the common electrode selection circuit 
4 to detect the time series of the voltage induced at 25 
the common electrode Y by means of the image data 
detection circuit 9. 

Thus the Image data of each pixel constituting 
the aforementioned pixel matrix (l.e., the alignment 
state of the phase transition type liquid crystals) are 30 
taken out as an electric signal corresponding to the 
alignment state of the phase transition type liquid 
crystals pertinent to the pixel. 

in the image display mode, voltages correspond- 
ing to the image data are applied to all the segment 36 
electrodes Xi through while successh^ely select- 
ing each common electrode Y under the control of the 
display control circuit 6 and the back tight control cir- 
cuit 12. in the above time, the control light from the 
back light 1 1 1s made to strike on the photoconductor 40 
22 to make the photoconductor 22 have a low resis- 
tance to thereby apply a voltage corresponding to the 
image data to the phase transition type liquid crystals 
of the relevant pbcels constituting the pixel matrix, 
with which the alignment state of the phase transition 4S 
type liquid crystals of the relevant pbcels is put into an 
alignment state corresponding to the image data. 

Thus an image corresponding to the image data 
Is written into the above-mentioned pixel matrix to 
display the image. so 

Therefore, according to the image input device- 
integrated type display device employing the image 
input device-integrated display unit 1 of the present 
embodiment, the image display function, document 
optical image copying function, display image read 55 
function, and the pen input function can be provided 
by one device. 



Second embodiment 

Then the following describes the operation of the 
image input device-integrated display unit 1 employ- 
ing a current/electric field effect type liquid crystals 
as the liquid crystals 21 in regard to each mode. The 
liquid crystals of the above type are n-type choleste- 
ric liquid crystals, liquid crystals formed by mixing the 
n-type cholesteric liquid crystals with n-type nematic 
liquid crystals, or smectic-A liquid crystals. 

It is noted that the Image input device-integrated 
display unit of the present embodiment has utterly 
the same construction as that of the image input de- 
vice-integrated display unit 1 as shown in Fig. 2 ex- 
cept for the liquid crystals. Therefore, the following 
description is made with reference to Fig. 2. 

Before explaining the operation, reference is first 
made to a change of the alignment state of the liquid 
crystals. 

Figs. 9 (a) through 9 (d) schematically show a 
change of the state of the current/electric field effect 
type liquid crystals. 

Referring to Fig. 9 (a), in the initial state, the hel- 
ical axes of the cholesteric liquid crystal molecules 
are in the Grandjean state where the helical axes are 
aligned in a directton perpendicular to the electrode 
surfaces, when the current/electric field effect type 
liquid crystals (referred to merely as the "liquid crys- 
tals" In the present embodiment) are transparent. 

Then referring to Fig. 9 (b). when a DC voltage or 
a low-frequency AC voltage is applied to the liquid 
crystals and the voltage is gradually increased, the 
negative ions incorporated into the liquid crystals 
move at a voltage which is not lower than a threshold 
voltage. With the above-mentioned operation, the 
helical axes aligned in a direction are disordered to be 
directed in irregular directions to be in the focalconic 
state. In the focalconic state, the liquid crystals are 
optically opaque. 

The focalconic state is stored even when the 
electric field is removed as shown in Fig. 9 (c). 

In order to erase the alignment state of the liqukJ 
crystals thus stored, a voltage having a high frequen- 
cy (several kilohertz) at which no current effect is 
generated is applied to the liquid crystals as shown 
in Fig. 9 (d). With the above-mentioned operatton, 
the liquid crystal molecules directed in irregular direc- 
tions are aligned in a direction to be restored into the 
Grandjean state. 

The above-mentioned liquid crystal molecules 
have an anisotropy of dielectric constant, and there- 
fore the dielectric constant of the entire liquid crystal 
cell changes depending on the alignment state of the 
liquid crystal molecules. 

(1) image input mode 

In a first step, the liquid crystals 21 are entirely 
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put into the transparent state (i.e., the aforemen- 
tioned Grandjean state). 

Control light is irradiated by the backlight 11 from 
the side of the glass plate 29, and a voltage having a 
high frequency (several kilohertz) at which no current 
effect Is generated Is applied across the segment 
electrode X and the common electrode Y under the 
control of the display control circuit 6. In the above 
time, the voltage may be applied either successh^ely 
or simultaneously. Consequently, the liquid crystals 
21 are put into the Grandjean state to be entirely 
transparent, i.e., put into the initial state before the 
write operation. 

In a second step, the reflection light from the 
document is copied into the liquid crystals 21. 

The above-mentioned document is placed under 
the glass plate 29 with the document dosely fit to the 
glass plate 29. Under the control of the image input 
control circuit 8, a DC voltage or a low-frequency AC 
voltage which is not lower than the threshold voltage 
at which the liquid crystals 21 are transformed into 
the focalconic state by the current effect is applied 
successively or simultaneously across each segment 
electrode X and each common electrode Y. Then by 
irradiating document illumination light by means of 
the back light 11 from the side of the glass plate 28, 
the light transmitted through the image input device- 
integrated display unit 1 is converged on the surface 
of the document by the micro lens 27. 

In the case where the convergence light strikes 
on a white area of the document, the reflection light 
strikes on the photoconductor 22 to make the photo- 
conductor 22 have a low resistance. Then a voltage 
approximately equal to the DC voltage or the low-fre- 
quency AC voltage which is not lower than the afore- 
mentioned threshold voltage applied across the seg- 
ment electrode X and the common electrode Y Is ap- 
plied across the island electrode 23 and the common 
electrode Y (i.e., to the liquid crystals 21), with which 
the liquid crystals 21 are transformed from the 
Grandjean state where the liquid crystals are trans- 
parent to the focalconic state where the liquid crystals 
are turbid whitely. 

In other words, the white area of the document is 
invertedly written into the liquid crystals 21 as a black 
area. 

In contrast to the above, in the case where the 
convergence light strikes on a black area of the docu- 
ment, no reflection light strikes on the photoconduc- 
tor 22 to allow the photoconductor 22 to remain hav- 
ing a high resistance. In the above time, by setting 
the dark resistance of the photoconductor 22 ata val- 
ue such that it becomes higher than the resistance of 
the liquid crystals 21, a great voltage drop due to the 
photoconductor 22 results to apply almost no voltage 
across the Island electrode 23 and the common elec- 
trode Y. Therefore, the liquid crystals 21 maintain the 
initial Grandjean state to be transparent 



In other words, the black area of the document is 
invertedly written into the liquid crystals 21 as a white 
area. 

Thus the negative image of the document is writ- 
5 ten into the matnx of n x m pbcels of the image Input 
device-integrated display unit 1. 

(2) Pen input mode 

10 The liquid crystals 21 are put into the Initial state 
in the same manner as in the aforementioned image 
input mode. Subsequently, under the control of the 
image input control circuit 8, a DC voltage or a low- 
frequency AC voltage which is not lower than the 

15 threshold voltage at which the liquid crystals 21 are 
transformed into the focalconic state is applied suc- 
cessively or simultaneously across each segment 
electrode X and each common electrode Y. It is noted 
that the principle of the pen input operation is the 

20 same as the principle of operatkm In the aforemen- 
tioned image input mode. 

When the pen touch switch 45 of the input pen 10 
having a structure as shown in Fig. 6 Is turned on, 
light is emitted from the light source 41 . Then the light 

25 from the light source 41 is transmitted through the 
Image Input device-integrated display unit 1 and re- 
flected on the white sheet placed under the glass 
plate 29 to be incident on the photoconductor 22. 
Consequently, the resistance of the photocon- 

30 ductor 22 is reduced to make the electric potential at 
the island electrode 23 be approximately equal to the 
electric potential at the segment electrode X, and the 
DC voltage or the low-frequency AC voltage which is 
not lower than the aforementioned threshold voltage 

35 is applied to the liquid crystals 21 constituting the rel- 
evant pbcel. Thus the liquid crystals 21 are trans- 
formed Into the focalconic state (where the liquid 
crystals are turbid whitely). 

Subsequently, when the input pen 10 is moved 

40 out of the relevant pixel area orthe input pen 10 is put 
apart from the image input device-integrated display 
unit 1 to turn off the pen touch switch 45, no light is 
incident on the relevant pixel to make the resistance 
of the photoconductor 22 be the dark resistance. 

45 Consequently, a great voltage drop takes place at the 
photoconductor 22, with which the voltage applied to 
the liquid crystals 21 is made to be "0". 

Thus the liquid crystals 21 in the relevant pixel 
area which are put into the focalconic state by the pen 

50 input maintains the focalconic state. In other words, 
dark data are written into the liquid crystals 21 in the 
relevant pixel area by the pen input 

By time-sharingly processing the above- 
mentioned pen input mode and the image read mode 

55 as described hereinafter, the coordinates of the pixel 
currently designated by the Input pen 10 can be de- 
tected. 

In order to erase the image data already written, 
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a voltage which has a high frequency (several kilo- 
hertz) not lower than the aforementioned threshold 
value Is required to be applied across the segment 
electrode X and the common electrode Y to put the 
liquid crystals 21 of the pixels traced by the input pen 
10 into the Grandjean state. 

(3) Image read mode 

Control light is irradiated by the back light 11 from 
the side of the glass plate 29 of the image input de- 
vkse-lntegrated display unit 1. Then the incident light 
strikes on the photoconductor 22 to make the photo- 
conductor 22 have a low resistance. 

In the above condition, pulses of a DC voltage or 
a low-frequency AC voltage not higher than the afore- 
mentioned threshold voltage Is successWely applied 
to each of the segment electrodes Xi. X2, ... X^ by 
means of the segment electrode drive circuit 3 under 
the control of the aforementioned Image data detec- 
tion control circuit 7. In the above time, since the pho- 
toconductor 22 has a low resistance, the island elec- 
trode 23 Is scanned by a pulse having a voltage ap- 
proximately equal to the voltage applied to the seg- 
ment electrode X. In the above case, the above- 
mentioned DC voltage or the low-frequency AC vol- 
tage not higher than the aforementioned threshold 
value Is applied to the liquid crystals 21 , and therefore 
the alignment state of the liquid crystals 21 does not 
change. 

Consequently, a voltage is induced at the conrv 
mon electrode Y due to the pulse voltage applied to 
the island electrode 23 which is electrostatically cou- 
pled with the aforementioned common electrode Y. In 
the above case, the magnitude of the induction vol- 
tage corresponds to the electrostatic capacitance 
generated across the Island electrode 23 and the 
common electrode Y. Since the distance between the 
island electrode 23 and the common electrode Y is 
constant, the electrostatic capacitance across the is- 
land electrode 23 and the common electrode Y varies 
according to the dielectric constant of the liquid crys- 
tals 21. 

The dielectric constant of the liquid crystals 21 
varies according to the alignment state of the liquid 
crystal molecules. The alignment state of the liquid 
crystal molecules determines the brightness condi- 
tion of the data to be written. 

Therefore, by detecting the voltage induced by 
selecting one comnran electrode Y while the segment 
electrodes Xi through Xm are scanned once, the 
alignment state of the liqukl crystals 21 of the pixels 
in the 1 st row and m columns provided in the position 
of the common electrode Y (l.e., the brightness con- 
dition of the pixel) can be detected in time series. 

Thus by scanning the segment electrodes Xi 
through Xm by means of the segment electrode drive 
circuit 3 every time selecting successively each of 



the common electrode Yi through Yn by means of the 
common electrode selection circuit 4, image data of 
the matrix of the pixels in n rows and m columns are 
read as an electric signal. 
5 It Is noted that the control light for making the 
photoconductor 22 have a low resistance is not al- 
ways required to be Irradiated in the above- 
mentioned image read mode. 

10 (4) Image display mode 

Illumination light is irradiated by the back tight 11 
from the side of the glass plate 29. Then the photo- 
conductor 22 is made to have a low resistance to 

IS make the island electrode 23 have approximately 
equal electric potential as the electric potential at the 
segment electrode X. 

In the above condition, each common electrodes 
Y is successively selected by the common electrode 

20 drive circuit 2 under the control of the display control 
circuit 6 to set the common electrode Y at a specified 
electric potential. Then all the segment electrodes Xt 
through X^ are successively scanned by the segment 
electrode drive circuit 3 while a specified common 

25 electrode is selected to apply the aforementioned DC 
voltage (or the low-frequency AC voltage) or a high- 
frequency (several kilohertz) not lower than the 
threshold value to each of the segment electrodes X^ 
through X^ according to the Image data. 

30 Consequently, the pbcels relevant to the liquid 
crystals 21 to which the DC voltage (or the low-fre- 
quency AC voltage) not lower than the aforemen- 
tioned threshold value is applied among the pbcels 
constituting the aforementioned pixel matrix exhibit a 

35 dark display. Meanwhile, the pixels relevant to the liq- 
uid crystals 21 to which the high-frequency voltage is 
applied exhibit a light display. Thus an image corre- 
sponding to the aforementioned image data is dis- 
played on the above-mentioned pixel matrix. 

40 

Third embodiment 

Then the following describes the prindplis of op- 
eration of the image input device-integrated display 

45 unit 1 employing ferroelectric liquid crystals as the liq- 
uid crystals 21 in regard to each mode. 

Fig. 10 Is a sectional view showing the structure 
of an image input device-integrated type display unit 
1 of the present embodiment taken along the conrv 

so mon electrode Y, where the same components as 
those in Fig. 2 are denoted by the same numerals and 
no detailed description therefor is provkJed herein. 

The above-mentioned ferroelectric liquid crys- 
tals are In either of only two stable states In the case 

55 where they are encapsulated in a cell having a thick- 
ness of several micrometers. The liquid crystals have 
the characteristic of storing either of the stable states 
in which they are. 
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In the above case, the at)ove-mentioned two sta- 
ble states include the state in which the ferroelectric 
liquid crystals are directed in one direction (assumed 
to be a direction A) and the state where the ferroelec- 
tric liquid crystals are directed In the other direction 5 
(assumed to be a directton B) in a plane in parallel 
with the aforementioned cell. When a polarization 
plate is placed with its polarization direction directed 
in a direction perpendicular to one (assumed to be the 
direction A) of the two directions, the ferroelectric liq- io 
uid crystals of which molecules are directed in the di- 
rection (direction A) produce a transmission light hav- 
ing a low intensity. The ferroelectric liquid crystals of 
which molecules are directed in the other direction 
(direction B) produce a transmission light having a is 
high intensity. It is noted that the two directions (di- 
rection A and direction B) are not always perpendic- 
ular to each other in the above case. 

A transition between the above-mentioned two 
stable states can be effected only by changing the po- 20 
larity of the voltage to be applied to the liquid crystals. 

Referring to Fig. 10, there are included ferroelec- 
tric liquid crystals 51, a photoconductor 22, an island 
electrode 23, a segment electrode X, and a common 
electrode Y. It is noted that the segment electrode X, 25 
the common electrode Y, and the island electrode 23 
are transparent electrodes made of ITO (indium tin 
oxide). 

A polarizer 52 is formed on the common elec- 
trode Y on the photoconductor 22. The polarization 30 
direction of the polarizer 52 is in the same direction 
as that of the common electrode Y in the plane of the 
paper on which Fig. 10 is illustrated, the polarization 
direction indicated by an arrow — as shown In 
Fig. 10. 35 

The ferroelectric liquid crystals 51 exhibit two 
stable molecule alignments in a plane which Is per- 
pendicular to the plane of the paper and in parallel 
with the polarization direction of the polarizer 52. One 
of the alignments is a molecular alignment in a direc- 40 
tion perpendicular to the polarization direction of the 
polarizer 52, the molecular alignment indicated by V 
as shown In Fig. 1 0. The other is the molecular align- 
ment in a direction approximately in parallel with the 
polarizing element of the polarizer 52, the molecular 45 
alignment indicated by V 

Therefore, when the polarization direction of the 
polarizer 52 and the molecular alignment direction of 
the ferroelectric liquid crystals 51 are the combina- 
tion of — ^" and the polarization direction of the 50 
polarizer 52 and the alignment direction of the ferro- 
electric liquid crystals 51 are perpendicular to each 
other, and therefore a laminate of the polarizer 52 and 
the ferroelectric liquid crystals 51 allows less light to 
be transmitted therethrough. In contrast to the 55 
above, when the above-mentioned combination Is of 
and the polarization direction of the 

polarizer 52 and the alignment direction of the ferro- 



electric liquid crystals 51 are approximately in parallel 
with each other, and therefore the laminate of the po- 
larizer 52 and the ferroelectric liquid crystals 51 al- 
lows more light to be transmitted therethrough. 

The two alignment directions of and of 
the ferroelectric liquid crystals 51 can be controlled 
by inverting the polarity of the voltage applied across 
the common electrode Y and the island electrode 23. 
It is assumed in the present embodiment that the 
alignment direction of the ferroelectric liquid crystals 
51 is V when the common electrode Y is in the neg- 
ative polarity and the island electrode 23 is in the pos- 
itive polarity, and conversely the alignment direction 
of the ferroelectric liquid crystals 51 is "< — when 
the common electrode Y is in the positive polarity and 
the island electrode 23 Is in the negative polarity. 

(1) Image input mode 

Figs. 11 (a) through 11 (d) show the operation of 
the image input device-integrated display unit 1 in the 
image input mode. 

In a first step, the alignment direction of the en- 
tire ferroelectric liquid crystals 51 Is put in the state 
of as shown in Fig. 11 (a). 

Control light Is irradiated on the entire surface of 
the liquid crystals by the back light 11 from the side 
of the glass plate 29 to apply a negative voltage to the 
common electrode Y and a positive voltage to the 
segment electrode X from the power source 30 under 
the control of the display control cirouit 6. In the 
above case, the voltages may be applied either suc- 
cessively or simultaneously. Consequently, the pho- 
toconductor 22 on which the control light strikes is 
made to have a low resistance, with which the island 
electrode 23 and the segment electrode X are made 
to have an equal voltage, while the alignment direc- 
tion of the ferroelectric liquid crystals 51 is made to 
be entirely i.e., in the initial state before the write 
operatton. 

In a second step, reflection lightfrom a document 
is copied into the ferroelectric liquid crystals 51. 

In a manner as shown In Rg. 11 (b), the document 
31 is placed under the glass plate 29 with the docu- 
ment closely fit to the glass plate 29. Under the con- 
trol of the image input control circuit 8, a posithve vol- 
tage is applied to the common electrode Y and a neg- 
ative voltage is applied to the segment electrode X 
from the power source 30. In the above case, the vol- 
tages may be applied either successively or simulta- 
neously. Then polarized Illumination light having a po- 
larization directton of V is irradiated on the entire 
surface of the liquid crystals from the side of the 
glass plate 28. 

Consequently, the polarization direction of the 
polarized illumination light is perpendicular to the po- 
larization direction of the polarizer 52, and therefore 
the polarized llluminatton light does not enter into a 
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portion directly below the polarizer 52. In other 
words, the polarized illumination light from above 
does not reach the polarizer 52. Meanwhile, the align- 
ment direction of the ferroelectric liquid crystals 51 Is 
the same as the polaris^ation direction of the polarized 
illumination light Therefore, the polarized illumina- 
tion light which enters from the area of the transpar- 
ent insulator 26 except for the polarizer 52 and is 
transmitted through the common electrode Y to reach 
the ferroelectric liquid crystals 51 is transmitted 
through the ferroelectric liquid crystals 51 . The pola- 
rized illumination light is further transmitted through 
the Island electrode 23 and the segment electrode X 
to be converged on the surfece of the document by 
the micro lens 27. 

In the case where the convergence light strikes 
on a white area of the document 31, reflection light 
strikes on the photoconductor 22 to make the photo- 
conductor 22 have a low resistance. Then the electric 
potential at the Island electrode 23 Is made to be ap- 
proximately equal to the electric potential at the seg- 
ment electrode X to apply the positive voltage to the 
common electrode Y and the negative voltage to the 
island electrode 23. Consequently, the alignment di- 
rection of the ferroelectric liquid crystals 51 changes 
from the state of to the state of "4- as shown 
in Fig. 11 (c). 

In other words, the white area of the document 31 
is written into the ferroelectric liquid crystals 51 as 
the alignment state of "4- 

In contrast to the above, In the case where the 
convergence light strikes on a black area of the docu- 
ment 31, no reflected light strikes on the photocon- 
ductor 22 as shown in Fig. 11 (d), and therefore the 
photoconductor 22 remains having a high resistance 
(dark resistance). In the above case, by making the 
dark resistance of the photoconductor 22 have a re- 
sistance higher than the resistance of the ferroelec- 
tric liquid crystals 51, a great voltage drop due to the 
photoconductor 22 results to apply almost no voltage 
across the island electrode 23 and the common elec- 
trode Y. Therefore, the alignment direction of the fer- 
roelectric liquid crystals 51 is maintained in the state 
ofV. 

In other words, the black area of the document 31 
is written into the ferroelectric liquid crystals 51 as 
the alignment state of 

Thus the optical Image of the docum6nt31 where 
the two alignment directions of the ferroelectric liquid 
crystals 51 exist mixedly is written into the matrix of 
nxm pbcels of the Image input device-Integrated dis- 
play unit 1 and then temporarily stored. Therefore, in 
viewing the image copied into the above-mentioned 
pixel matrix, a positive Image display results when 
the polarization direction of the display illumination 
light irradiated from the side of the glass plate 29 Is 
V while a negath^e image display results when 
the polarization direction Is 



(2) Pen Input mode 

Figs. 12 (a) through 12 (c) show the operation of 
the image input device-integrated display unit 1 in the 
5 pen input mode. 

In a first step, the alignment direction of the en- 
tire ferroelectric liquid crystals 51 is put in the state 
of ^" as shown in Fig. 12 (a). 

Control light is irradiated on the entire surface of 
10 the liquid crystals by the back light 11 from the side 
of the glass plate 29 to apply a positive voltage to the 
common electrode Y and a negative voltage to the 
segment electrode X from the power source 30 under 
the control of the display control circuit 6. In the 
IS above case, the voltages may be applied either suc- 
cessively or simultaneously. Consequently, the pho- 
toconductor 22 on which the control light strikes is 
made to have a low resistance, with which the island 
electrode 23 and the segment electrode X are made 
20 to have an equal voltage, while the alignment direc- 
tion of the ferroelectric liquid crystals 51 is made to 
be entirely i.e., in the initial state before the 

write operation. 

In a second step, an image is written on the pixel 
25 matrix by means of the input pen 10. 

Under the control of the image input control cir- 
cuit 8, a negative voltage is applied to the common 
electrode Y and a positive voltage is applied to the 
segment electrode X from the power source 30 as 
30 shown in Fig. 12 (b). In the above case, the voltages 
may be applied either successively or simultaneous- 
ly. 

In the above condition, the tip of the input pen 10 
having a structure as shown In Fig. 6 is pressed 

35 against a pen input position on the image Input de- 
vice-integrated display unit 1. Then the pen touch 
switch 45 Is turned on to emit light from the light 
source 41. The light from the light source 41 is circu- 
larly polarized light, and therefore the light is trans- 

40 mitted through the polarizer 52 to directly strike on 
the photoconductor 22. Consequently, the photocon- 
ductor 22 is made to have a low resistance to make 
the Island electrode 23 and the segment electrode X 
have an equal electric potential, with which the align- 

45 ment direction of the ferroelectric liquid crystals 51 is 
transformed from the initial state of — ►"to the 
state of 

Subsequently, when the input pen 10 is moved 
out of the relevant pbcel area or the input pen 1 0 is put 

so apart from the image input device-integrated displays 
unit 1 to turn off the pen touch switch 45, no light Is 
incident on the relevant pixel to make the resistance 
of the photoconductor 22 be the dark resistance. 
Consequently, a great voltage drop takes place at the 

55 photoconductor 22, with which the voltage applied to 
the ferroelectric liquid crystals 51 is made to substan- 
tially be "0". 

Thus the ferroelectric liquid crystals 51 of which 
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alignment direction is by the pen input maintains 
their alignment state. In other words, image data are 
written and stored Into the ferroelectric liquid crystals 
51 In the relevant pixel area by the pen input. It is not- 
ed that the island electrode 23 is charged with posi- 
th/e electric charges in the above case as shown in 
Fig. 12(c). 

In contrast to the above, the ferroelectric liquid 
crystals 51 in the pbcet area where no pen input toolc 
place maintain the Initial state of — while the is- 
land electrode 23 is not charged with electric charg- 
es. 

By time-sharingly processing the above- 
mentioned pen input mode and the image read mode 
as described hereinafter, the coordinates of the pbcel 
at which the input pen 10 is designating can be de- 
tected. 

In order to erase the image already written, a 
negative voltage is applied to the segment electrode 
X and a positive voltage is applied to the common 
electrode Y to change the alignment direction of the 
ferroelectric liquid crystals 51 in the pbcel area which 
was traced by the Input pen 1 0 into the state of "< — 

In the pen input mode of the aforementioned first 
and second embodiments, an image is written into 
the liquid crystals by nneans of reflection light from 
the input pen 10, and therefore a white- sheet is nec- 
essary as a reflective object hiowever, in the pen in- 
put mode of the present embodiment, an image is di- 
rectly written into the ferroelectric liquid crystals 51 
by means of light from the input pen 10, and therefore 
no white sheet is necessary as a reflective object 

(3) Document Image read mode 

The document image read mode is the mode for 
reading brightness data of a document as an electric 
signal. 

Figs. 13 (a) through 13 (c) show the operation of 
the image input device-integrated display unit 1 in the 
document image read mode. 

In a first step, the alignment direction of the en- 
tire ferroelectric liquid crystals 51 is put Into the Initial 
state of "4- as shown in Fig. 13 (a). 

Control light is irradiated on the entire surface of 
the liquid crystals by the back light 11 from the side 
of the glass plate 29. Under the control of the display 
control circuit 6, a positive voltage is applied to the 
common electrode Y and a negative voltage Is ap- 
plied to the segment electrode X from the power 
source 30. Consequently, the island electrode 23 and 
the segment electrode X are made to have an equal 
voltage, with which the alignment direction of the en- 
tire ferroelectric liquid crystals 51 is put into the state 
of "< — >^". Subsequently when irradiation of the con- 
trol light Is stopped, the island electrode 23 is charged 
with negative electric charges. The above-mentioned 
stats Is the initial state. 



In a second step, reflection light from the docu- 
ment is copied into the ferroelectric liquid crystals 51. 

In a manner as shown In Fig. 13 (b), polarized il- 
lumination light having a polarization direction of 

s perpendicular to the polarization direction of -y' 
of the polarizer 52 is irradiated from the side of the 
glass plate 28. Meanwhile, a document 31 is placed 
under the glass plate 29 with the document dosely fit 
to the glass plate 29. Under the control of the image 

10 input control circuit 8, a positive voltage is applied to 
the segment electrode X and a negative voltage is ap- 
plied to the comnK)n electrode Y from the power 
source 30. It is noted that the voltage applied to the 
ferroelectric liquid crystals 51 is a voltage which is 

IS tower than such a threshold voltage that it does not 
change the alignment direction. 

Since the polarization direction of of the 
polarizer 52 and the polarization direction of "•"of the 
polarized illumination light are perpendicular to each 

20 other, the photoconductor 22 is not directly illuminat- 
ed the polarized illumination light Besides, the two 
possible alignment directions- of the ferroelectric liq- 
uid crystals 51 are not perfectly perpendicular to each 
other for the reason as described above. Therefore, 

25 the polarization direction of the polarized illumination 
light and the alignment direction of the ferroelectric 
liquid crystals 51 are not perfectly perpendicular to 
each other, which results in a small quantity of light 
transmitted from the ferroelectric liquid crystals 51. 

30 The transmission light Is used to Illuminate the docu- 
ment 31. 

When there is reflection light from the document 
31, the resistance of the photoconductor 22 is re- 
duced. In the above case, a positive voltage which is 

35 not higher than the threshold value is applied to the 
segment electrode X. Therefore, the negative electric 
charges charged at the Island electrode 23 lealc by 
way of the photoconductor 22. Consequently, the 
quantity of negative charges at the island electrode 

40 23 is reduced. When there is no reflection light from 
the document 31 , the resistance of the photoconduc- 
tor 22 Iceeps the daric resistance. Therefore, the is- 
land electrode 23 is still charged with the negath^e 
electric charges built up In the initial state. 

45 Thus the monochrome data of the aforemen- 
tioned document 31 are copied as- data of electric 
charges at the island electrode 23. 

In either of the above-mentioned cases, the 
alignment direction of the ferroelectric liquid crystals 

so 51 does not change. 

In a third step, the image data copied into the is- 
land electrode 23 are converted into an electric sig- 
nal. 

In a manner as shown in Fig. 13 (c), control light 
55 having a polarization direction of — ►" In parallel 
with the polarization direction of of the afore- 
mentioned polarizer 52 is irradiated from the side of 
the glass plata 28. Under the control of the image 
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data detection control circuit 7, a negative voltage is 
applied to each segment electrode X and a positive 
voltage is applied to each contnrton electrode Y from 
the power source 30. 

Then a load resistor is inserted in a portion of the 5 
electric circuit composed of the aforementioned po\^ 
er source 30, common electrode Y, and segment elec- 
trode X. 

In the pixel where the quantity of electric charges 
at the island electrode 23 is reduced by the reflection io 
light from the document 31 in the above-mentioned 
second step, negative charges are supplemented to 
the Island electrode 23 from the segment electrode 
X to which the negative voltage is applied. In the 
above case, a current flows through the aforemen- is 
tioned electric circuit, and therefore an electric poten- 
tial difference takes place across the terminals of the 
load resistor. 

In contrast to the above, in the pbcel where the 
quantity of the electric charges at the island elec- 20 
trode 23 is not reduced because of no reflection light 
from the document 31, the negative charges are not 
supplemented to the island electrode 23 from the 
segment electrode X, and therefore no electric poten- 
tial difference takes place across the terminals of the 25 
load resistor. 

In a third step, the above-mentioned load resistor 
is practically connected to the segment electrode X, 
and the aforeifnentioned control light having the po- 
larization direction of "< — >" Is irradiated on each so 
common electrode Y one by one. Then the control 
light is irradiated successively onto the common elec- 
trode Yi through the common electrode Yn to scan 
the common electrode Y. By successively detecting 
the electric potential differences across the terminals 3S 
of the load resistor connected to each of the segment 
electrodes Xi through X^ when the control light Is ir- 
radiated on a certain common electrode Y, the charge 
condittons of the island electrode 23 in (m) pixels pro- 
vMed at the position of the common electrode Y (i.e., 40 
the presence or absence of reflection light from the 
document 31, which is equal to the brightness condi- 
tion of the document 31) can be read as a time series 
of an electric signal. 

Fig. 14 shows the concept of the operation of the 45 
image input device-Integrated display unit 1 in the 
document image read mode. The electric circuit conrv 
posed of the aforementioned power source 30, com- 
mon electrode Y, and segment electrode X can be ex- 
pressed by an equivalent circuit as shown In Fig. 14 so 
(a). 

In more detail, a capacitor 55 is the electrostatic 
capacitance across the above-mentioned connmon 
electrode Y and the island electrode 23. A switch 56 
is the photoconductor 22 which Is made to have a low ss 
resistance (I.e., "on" condition) when It receives light 
to make the electric potential at the island electrode 
23 equal to the electric potential at the segment elec- 



trode X. A power source 57 is the aforementioned 
power source 30. 

First, control light is temporarily irradiated on the 
above-mentioned switch 56 to turn on the switch 56 
and thereby charge the capacitor 55 with electric 
charges (aforementioned first step). 

Then, as shown in Fig. 14 (b), the electric charg- 
es in the capacitor 55 is made to leak by removing the 
power source 57 (making the voltage applied to the 
ferroelectric liquid crystals 51 from the power source 
30 be not higher than the threshold voltage) and 
thereby turning on the switch 56. In the above case, 
turning-on and turnlng-off operations of the switch 
56 are controlled by the reflection lightf rom the docu- 
ment 31 (aforementioned second step). 

Then, as shown in Fig. 14 (c), the aforementioned 
power source 57 Is inserted again and a load resistor 
Rt \s inserted in between the switch 56 and the power 
source 57. The switch 56 is turned on to supplement 
the electric charges leaked from the capacitor 55 by 
means of the power source 57. Then, in a capacitor 
55 from which the electric charges have leaked, a 
current flows to supplement the leak electric charges 
to generate an electric potential difference across the 
terminals of the load resistor R^. In contrast to the 
above. In a capacitor 55 from which no electric charg- 
es have leaked, no current flows to generate no elec- 
tric potential difference across the terminals of the 
load resistor (aforementioned third step). 

Therefore, by detecting the electric potential dif- 
ference across the terminals of the above-mentioned 
load resistor Rl, the optical image of the document 31 
can be read as an electric signal. 

It is noted that the turning-on and turnlng-off of 
the switch 56 Is controlled by the control light irradi- 
ated on each comnfion electrode Y one by one. 

(4) Image read mode 

The operation of the image input device-integrat- 
ed display unit 1 in the image read mode is basically 
the same as in the aforementioned document Image 
read mode. 

Fig. 1 5 (a) shows the condition of the image input 
device-integrated display unit 1 relevant to the pixel 
immediately after innage data are written into the ma- 
trix of n x m pixels by the input pen 10 in the afore- 
mentioned pen input mode. The condition shown in 
Fig. 15 (a) is the same as the condition shown In Fig. 
12 (c), where the island electrode 23 is charged with 
positive electric charges. 

Then, as shown in Fig. 15 (b), a linear control light 
is irradiated on each common electrode Y one by one 
from the side of the glass piate 29 of the image input 
device-integrated display unit 1 to scan the common 
electrodes Yi through Ym* Under the control of the 
Image data detection control circuit 7, a negative vol- 
tage Is applied to each segment electrode X and a 
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positive voltage is applied to each comnnon electrode 
Y from the power source 30. In the above case, each 
of the voltages applied to the ferroelectric liquid crys- 
tals 51 is a voltage which is not higher than the thresh- 
old value at which the alignment direction of the fer- s 
roelectric liquid crystals 51 is not changed. 

Then a load resistor is inserted in a portion of the 
electric circuit composed of the aforementioned pow- 
er source 30, common electrode Y, and segment eleo- 
trode X. io 

As described above, the Island electrode 23 rel- 
evant to the pixel at which the pen input took place is 
charged with positive electric charges. Therefare. 
control light is irradiated on the photoconductor 22 to 
make the island electrode 23 and the segment elec- is 
trode X have an equal electric potential. Then a neg- 
ative voltage Is applied to the segment electrode X 
and a positive voltage is applied to the common elec- 
trode Y, with which a current flows through the afore- 
mentioned electric circuit to produce an electric po- 20 
tential difference across the terminals of the afore- 
mentioned load resistor. 

In contrast to the above, the Island electrode 23 
relevant to the pixel at which no pen Input took place 
is not charged with positive electric charges. There- 25 
fore, no current flows through the aforementioned 
electric circuit to produce no electric potential differ- 
ence across the terminals of the aforementioned load 
resistor. 

Thus by detecting the electric potential differ- ao 
ence across the terminals of the aforementioned load 
resistor, the image data written into the pixel matrix 
of the image input device-integrated display unit 1 by 
the input pen 10 can be read as an electric signal. 

35 

(5) Image display mode 

The image display mode is the mode in which inv 
age data are written into the pixel matrix of the image 
Input device-integrated display unit 1 according to an 40 
electric signal. It is noted that the principle of Image 
display operation by means of the image input de- 
vtee-integrated display unit 1 is the same as the prin- 
ciple of image display operation of the conventional 
simple matrix type liquid crystal display. 45 

In a manner as shown in Fig. 16 (a), control light 
having a polarization direction of is Irradiated 
by the back light 11 from the side of the glass plate 
29. Consequently, the photoconductor 22 on which 
the llluminatbn light strikes is made to have a low re- so 
sistance to make the Island electrode 23 and the seg- 
ment electrode X have an equal electric potential. In 
the above condition, a negative voltage is applied to 
each segment electrode X and a positive voltage is 
applied to each common electrode Y from the power S5 
source 30 under the control of the display control cir- 
cuit 6. In the above time, a voltage which is not lower 
than a threshold value at which the alignment direc- 



tion of the ferroelectric liquid crystals 51 is changed 
is applied to the ferroelectric liquid crystals 51. Con- 
sequently, the alignment direction of the ferroelectric 
liquid crystals 51 is made to be -f". 

In due course, the alignment direction of the fer- 
roelectric liquid crystals 51 and the polarization direc- 
tion of the illumination light are put in parallel with 
each other, with which the illumination light irradiated 
from the side of the glass plate 29 Is transmitted 
through the image Input device-integrated display 
unitl. 

Then each common electrode Y is successively 
selected by the common electrode drive circuit 2 to 
apply a specified negative voltage from the power 
source 30. While a certain common electrode is se- 
lected, a positive voltage Is applied to all the segment 
electrodes Xi through X^ by means of the segment 
electrode drive circuit 3. In the above time, a voltage 
which is not lower than the threshold value at which 
the alignment direction of the ferroelectric liquid crys- 
tals 51 is changed is applied to the segment electrode 
X relevant to the pixel at which an image Is displayed 
according to Image data. Meanwhile, a voltage which 
Is lower than the above-mentioned threshold value is 
applied to the segment electrode X relevant to the 
pixel at which no image Is displayed. 

Consequently, as shown in Fig. 16 (b), the align- 
ment direction of the ferroelectric liquid crystals 51 
relevant to the pixel at which an image is displayed 
among the pixels constituting the aforementioned 
pixel matrix becomes to be perpendicular to the 
polarization direction of '< — of the illumination 
light Therefore, the pbcel at which an image is dis- 
played exhibits a dark display. 

Meanwhile, the alignment direction of the ferro- 
electric liquid crystals 51 relevant to the pbcel at which 
no Image is displayed remains to be approxi- 
mately in parallel with the polarization direction of 

of the illumination light. Therefore, the pixel at 
which no image Is displayed exhibits a light display. 

In the above case, by making the polarization di- 
rection of the illumination light equal to the polariza- 
tion direction of the polarizer 52, the polarizer 52 Is 
prevented from being displayed as a black dot. 

It is noted that a negative image where the light 
portion and the dark portion are Inverted can be dis- 
played by making the polarization direction of the il- 
lumination light be V perpendicular to the polariza- 
tion dlrectk>n of the polarizer 52. The negath^e image 
can be also displayed by Inverting the polarities of 
the voltages applied to the segment electrode X and 
the conunon electrode Y with the polarization direc- 
tion of the illumination light kept intact. 

As described above, a positive/negative inver- 
sion can be achieved through a simple process in the 
case of the ferroelectric liquid crystals 51. 
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Fourth embodiment 

The micro lens 27 provided at the image input de- 
vice-integrated display unit 1 in each of the aforemen- 
tioned embodiments has a function of condensing 
the illumination light on the surfece of the document 
and a function of preventing the cross-tailc of the re- 
flection light from the document in the image input 
mode. However, there is the drawback that the Illu- 
mination light cannot be effectively used In the image 
display mode. 

In order to solve the above-mentioned drawback, 
a plate-shaped optical fiber array 61 as shown in Fig. 
17 is used. It is noted that the plate-shaped optical 
fiber array 61 is used in place of the glass plate 29 of 
the aforementioned image input device-integrated 
display unit 1. 

The above-mentioned plate-shaped optical fiber 
array 61 is substantially composed of cylindrical opt- 
ical fibers 62 each having a certain length and a grat- 
ing-shaped partition 63 for partitioning a plurality of 
optical fibers 62 two-dimensionaliy arranged in par- 
allel with each other to hold the optical fibers 62 as 
formed In a plate shape where the lengthwise direc- 
tion of the optical fibers extends in the thickness di- 
rection of the optical fiber array 61. Each area parti- 
tioned by the above-mentioned partition 63 is a pbcel 
area. 

The above-mentioned partition 63 Is made of an 
opaque material in order to prevent the cross-talk be- 
tween the pixels. In order to reduce the loss of light, 
the projection area of the partition 63 is made to be 
as small as possible. 

As shown in Fig. 17, a difference-in-level 64 is 
provided between one end surfece of the optical fib- 
ers 62 and an upper surface of the partition 63 at the 
upper in Fig. 17 (the upper surface referred to as the 
"surface A" hereinafter). On the other hand, the other 
end surface of the optical fibers 62 and a lower sur- 
face of the partition 63 are in an identical plane at the 
lower in Fig. 17 (the plane referred to as the "surface 
B" hereinafter). The segment electrode X, the trans- 
parent Insulator 24, and so forth are laminated on the 
surface B. 

The plate-shaped optical fiber array 61 having 
the above-mentioned structure functions as follows 
in the image input mode. 

In the image input mode, a document is placed on 
the surface A (practically the surface A of the plate- 
shaped optical fiber array 61 is placed on the docu- 
ment). In the above case, since the difference-in-lev- 
el 64 is provided between the end surface of the opt- 
ical fibers 62 and the upper surface of the partition 
63, there is a gap between the end surface of the opt- 
ical fibers 62 and the surface of the document By 
taking advantage of the gap, illumination light is 
transmitted from the surface B to the surface A by 
way of the optical fibers 62 positioned at the periph- 



ery of each pixel, while reflection lightfrom the docu- 
ment is transmitted from the surface A to the surface 
B by way of the optical fibers 62 positioned at the 
center of each pbcel. 

5 As described above, the above-mentioned plate- 
shaped optical fiber array 61 has an ability of con- 
densing illumination light inferior to the same function 
of the micro lens 27 in the image input mode, how- 
ever, it has a sufficient cross-talk preventing functton. 

10 There is almost no loss of illumination light irradiated 
from the surface A in the image display mode. 

Fifth embodiment 

IS There are three types of lights composed of dis- 
play illumination light, document Illumination light, 
and control light as light Irradiated onto the image In- 
put device-integrated display unit 1. It is very effec- 
tive for compacting the image input device-integrated 

20 type display device that one light source can concur- 
rently serve as the above-mentioned three light 
sources. In view of the above, the image input device- 
integrated type display device of the present embodi- 
ment is provided with a back light 11 which concur- 

25 rently serves as the above-mentioned three light 
sources. 

One side portion of the image input device-inte- 
9!im displ ay u nit 1 co nstituting Jhe above- 
mentioned image Input device-integrated type dls- 
30 play device and one side portion of the back light 11 
are connected together mutually pivotally around a 
pivot portion 65 as shown in Fig. 1 8 (a). The back light 
11 is designed to be able to irradiate light outwardly 
from its both surfaces 11a and lib. 
36 With the above-mentioned arrangement, by 
turning the back light 11 by approximately 360'' in an- 
gle around the pivot portion 65, the back light 11 can 
irradiate light either on a display surfece la (on the 
side of the glass plate 28) or a reflection surface lb 
40 (on the side of the glass plate 29) of the image Input 
device-integrated display unit 1. 

For Instance, in the initial state of the aforemen- 
tioned image Input mode and the pen Input mode, im- 
age read mode, or image display mode, the image in- 
45 put device-integrated display unit 1 and the back light 
11 are in a relation In position as shown in Fig. 18 (b). 
Then the illumination lightfrom the surface 11a of the 
back light 11 is irradiated on the reflection surface lb 
of the image input device-integrated display unit 1. In 
so the above case, the light from the surface 11 b of the 
back light 11 is not necessary, and therefore a reflec- 
tion plate is arranged on the side of the surface 11b 
to make the light from the back light 11 be effectively 
irradiated on the Image input device-integrated dis- 
ss play unit 1. 

Then in the aforementioned image input mode or 
the document image read mode of the third embodi- 
ment employing ferroelectric liquid crystals, the back 
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light 11 is turned by approximately 360'' in angle 
around the pivot portion 65 from the position as 
shown In Fig. 18 (b) to put the Image input device-in- 
tegrated display unit 1 and the back light 11 in a rela- 
tion In position as shown in Fig. 18 (c). Meanwhile, a 
document 31 is placed under the reflection surface lb 
of the image input device-integrated display unit 1. 
Thus the document illumination light from the surface 
11b of the backlight 11 is irradiated on the Image dis- 
play area ta of the image input device-integrated dis- 
play unitl. 

In the above case, the light from the surfece 11a 
of the back light 11 is not necessary, and therefore a 
reflection plate is arranged on the side of the surface 
11a. 

By making one back light 11 concurrently serve 
as the three types of display illumination light source, 
document illumination light source, and control light 
source in a manner as described above, the image In- 
put device-integrated type display device can be en- 
tirely formed very compactly. 

As is evident from the above description, the Im- 
age input device-integrated type display device con- 
trols the Image Input control circuit, document Illumin- 
ation light source, and control light source by means 
of a control circuit in the image input mode to drive the 
segment electrode and the common electrode by 
means of the segment electrode drive circuit and the 
common electrode drive circuit based on an image in- 
put signal from the above-mentioned image input 
control circuit, and controls the turning-on and turn- 
Ing-off of a voltage applied to the liquid crystals of the 
above-mentioned display unit by means of the light 
from the above-mentioned light sources to copy the 
optical image of a document into the pixel matrix of 
the above-mentioned display unit In the image read 
mode, the display device controls the image read 
control circuit, image data detection circuit, and the 
control light source by means of the control circuit to 
drive the segment electrode and the common elec- 
trode by means of the segment electrode drive circuit 
and the common electrode drive circuit based on an 
Image read signal from the aforementioned Image 
read control circuit, and turns on the voltage applied 
to the liquid crystals of the above-mentioned display 
unit by means of the control light from the above- 
mentioned control light source to read the image data 
written in the above-mentioned pixel matrix as an 
electric signal by means of the above-mentioned Im- 
age data detection circuit In the image display mode, 
the display device controls the display control circuit 
and the display illumination light source by means of 
the control circuit to drive the segnrtent electrode and 
the common electrode by means of the segment elec- 
trode drive circuit and the common electrode drive cir- 
cuit based on the display signal from the above- 
mentioned display control circuit, and turns on the 
voltage applied to the liquid crystals of the above- 



mentioned display unit by means of the display illu- 
mination light from the display illumination light 
source to display an image corresponding to the 
above-mentioned display signal on the above- 

5 mentioned pbcel matrix. With the above-mentioned 
arrangement, the display and copy operattons of the 
optical image of the document on the pbcel matrix of 
the above-mentioned display unit can be achieved 
under the control of the control circuit 

10 Therefore, according to the present invention, a 
compact integrated image input device-integrated 
type display device concurrently having an image 
display function and a document image input func- 
tion can be provided. 

IS According to an embodiment, there are em- 
ployed the phase transition type liquid crystals as the 
above-mentioned liquid crystals. With the above- 
mentioned arrangement, the change of state of the 
liquid crystals according to the optical image of the 

20 document in the aforementioned image Input mode or 
the change of state of the liquid crystals according to 
the display signal in the aforementioned image dis- 
play mode can be achieved by the change of state be- 
tween the Grandjean state and the focalconic state of 

25 the phase transition type liquid crystals. Further- 
more, the read of the electric signal according to the 
image data in the aforementioned image read mode 
can be achieved, when a pulse is applied to one elec- 
trode of the electrodes Interposing therebetween the 

30 above-mentioned phase transition type liquid crys- 
tals, by detecting the voltage signal induced at the 
other electrode. 

Therefore, according to the present Invention, a 
compact Integrated image input device-integrated 

35 type display device concurrently having an image 
display f unctk>n and a document image input func- 
tion can be easily achieved. 

According to an embodiment, there are em- 
ployed n-type cholesteric liquid crystals, liquid crys- 

40 tals formed by mbdng n-type cholesteric liquid crys- 
tals with n-type nematic liquid crystals, or smectic-A 
liquid crystals as the aforementioned liquid crystals. 
With the above-mentioned arrangement, the change 
of state of the liquid crystals according to the optical 

45 Image of the document in the aforementioned image 
input mode or the change of state of the liquid crystals 
according to the display signal in the aforementioned 
image display mode can be achieved by the change 
of state between the Grandjean state and the focal- 

50 conic state of the n-type cholesteric liquid crystals, 
liquid crystals formed by mixing n-type cholesteric liq- 
uid crystals with n-type nematic liquid crystals, or 
smectic-A liquid crystals. Furthermore, the read of 
the electric signal according to the Image data In the 

55 aforementioned image read mode can be achieved, 
when a pulse is applied to one electrode of electrodes 
interposing therebetween the above-mentioned n-ty- 
pe cholesteric liquid crystals, liquid crystals formed 
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by mixing n-type cholesteric liquid crystals with n-ty- 
pe nematic liquid crystals, or smectic*A liquid crys- 
tals, by detecting the voltage signal induced at the 
other electrode. 

Therefore, according to the embodiment, a conv s 
pact integrated image input device-integrated type 
display device concurrently having an image display 
function and a document image inputfunction can be 
easily achieved. 

According to the image input device-integrated 10 
type display device, there is provided a polarizer for 
controlling the polarization direction of only the light 
which enters from the side of the electrode which is 
one of the segment electrode and the common elec- 
trode of the display unit and is not electrically con- is 
nected to the photoconductor before the light reaches 
the above-mentioned photoconductor. With the 
above-mentioned arrangement, the resistance of the 
photoconductor is controlled by the incident light from 
the above-mentioned electrode which is not electri- 20 
cally connected to the photoconductor by a combina- 
tion of the polarization direction of the light which en- 
ters from the side of the above-mentioned electrode 
which is not electrically connected to the photocon- 
ductor and the polarizing element of the aforemen- 2S 
tioned polarizer, with which the turning-on and turn- 
ing-off of the voltage applied to the liquid crystals can 
be controlled. 

Therefore, an improved operability can be ach- 
ieved in the image display operatbn and the docu- 30 
ment image input operation in the compact integrated 
image input device-integrated type display device 
concurrently having an image display function and a 
document image inputfunction. 

According to an embodiment, there are employed 35 
ferroelectric liquid crystals as the liquid crystals for 
use In a display unit having the aforementioned polar- 
izer. With the above-mentioned arrangement, the 
change of state of the liquid crystals according to the 
optical image of the document in the aforementioned 40 
image input mode or the change of state of the liquid 
crystals according to the display signal In the afore- 
mentioned image display nrK)de can be achieved by 
the change of the alignment direction of the above- 
mentioned ferroelectric liquid crystals. 45 

Therefore, according to the embodiment, there 
can be easily achieved an image input device-inte- 
grated type display device which can control the turn- 
Ing-on and turnlng-off of the voltage applied to the liq- 
uid crystals by the incident light from the electrode so 
which Is one of the aforementioned segment elec- 
trode and the common electrode and is not electrical- 
ly connected to the photoconductor. 

According to an embodiment, the aforemen- 
tioned image data detection circuit in the image input ss 
device-Integrated type display device in which the 
aforementioned ferroelectric liquid crystals are in- 
serted is designed to detect the quantity of electric 
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charges charged according to image data at the is- 
land electrode in the aforementioned display unit. 
Meanwhile, the aforementioned control light source 
is designed to be able to scan one by one each elec- 
trode which is one of the segment electrode and the 
conrvnon electrode and is not electrically connected 
to the photoconductor. Furthermore, the control cir- 
cuit is designed to detect the quantity of electric 
charges charged at the island electrode of the pixel 
relevant to one segment electrode or the common 
electrode selected by being Irradiated by light from 
the aforementioned control light source in the Image 
read mode to read the image data written in the 
above-mentioned pixel matrix as an electric signal. 
With the above-mentioned arrangement, the image 
data of the pbcel matrix of the display unit employing 
the aforementioned ferroelectric liquid crystals can 
be easily read as an electric signal. 

According to an embodiment, there is provided 
an input pen which emits light from a light source 
through its tip end. Meanwhile, the control circuit is 
designed to control the aforementioned image input 
control circuit and the control light source in the pen 
input mode to put the pixel matrix of the aforemen- 
tioned display unit into the initial state and then drive 
the segment electrode and the common electrode by 
means of the segment electrode drive circuit and the 
common electrode drive circuit according to the 
aforementioned image input signal while turning on 
the voltage applied to the liquid crystals of the afore- 
mentioned display unit by means of the light from the 
above-mentioned Input pen to change the alignment 
direction of the liquid crystals of the relevant pixel of 
the aforementioned pixel matrix. With the above- 
mentioned arrangement, an Image can be Input to 
the pbcel matrix of the above-mentioned display unit 
> by means of the above-mentioned Input pen. 

Therefore, according to the embodiment, a con>- 
pact integrated image input device-Integrated type 
display device concurrently having an image display 
function, a document image inputfunction, and a pen 
inputfunction can be provided. 

According to an embodiment, there is provided a 
micro lens on one of the two transparent substrates 
of the aforementioned display unit. With the above- 
mentioned arrangement, light which enters from the 
side of the transparent substrate at which the micro 
lens is not provided, and is irradiated on the above- 
mentioned display unit can be converged. 

In more detail, according to the embodiment, a 
sufficient quantity of light can be irradiated on the 
aforementioned photoconductor even when the 
document illumination light or the light emitted from 
the input pen is reduced at the time when it is reflect- 
ed, for example, In the aforementioned image input 
mode or the pen input mode. With the above- 
mentioned arrangement, the brightness data of the 
document and the position data of the input pen can 
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be accurately written into the aforementioned pixel 
matrix. 

According to an embodiment, at least one of the 
transparent substrates of the aforementioned display 
unit is constructed so that optical fibers each having 
a specified length are arranged two-dimensionally to 
constitute a plate-shaped optical fiber array of which 
axial direction is in the thickness direction of the opt- 
ical fiber array. With the above-mentioned arrange- 
ment, the light which enters from the side of the opt- 
ical fiber array travels through the above-mentioned 
optical fibers of the corresponding pbcel in the axial 
direction of the optical fibers. 

Therefore, according to the embodiment, an im- 
age input device-integrated type display device capa- 
ble of efficiently executing the operation of each of 
the aforementioned modes without cross-talk be- 
tween pixels constituting the pixel matrix of the 
above-mentioned display unit nor loss in quantity of 
light. 

According to an embodiment, the aforemen- 
tioned display illumination light source, document il- 
lumination light source, and control light source are 
provided by one plate-shaped light source, and a side 
portion of the plate-shaped light source is pivotaily 
mounted to a side portion of the aforerhenttoned dis- 
play unit. With the above-mentioned arrangement, 
the above-mentioned display unit can be illuminated 
by the above-mentioned one plate-shaped light 
source from the front side or the back side of the dis- 
play unit at need. 

Therefore, according to the embodiment, the dis- 
play illumination light source, document illumination 
light source, and control light source can be concur- 
rently served by only one plate-shaped light source to 
allow an integrated image input device-integrated 
type display device concurrently having at least an 
image display function and a document image input 
function to be further compacted. 

The Invention being thus described, it will be ob- 
vk)us that the same may be varied in many ways. 
Such variations are not to be regarded as a departure 
from the spirit and scope of the inventton, and all such 
modifications as would be obvious to one skilled in 
the art are intended to be included within the scope 
of the following claims. 



Claims 

1. An image input device-integrated type display 
device comprising: 

a display unit (1) having a plurality of trans- 
parent segment electrodes (X) arranged in paral- 
lel with each other on a transparent substrate 
(29); a plurality of transparent common electro- 
des (Y) arranged in parallel with each other on 
another transparent substrate, said common 



electrodes (Y) being perpendicular to said seg- 
ment electrodes (X), a photoconductor (22) elec- 
trically connected to either the segment elec- 
trode (X) or the common electrode (Y) and ar- 
5 ranged In a pbcel composed of an area of Intersec- 
tion between the segment electrode (X) and the 
common electrode (Y), a transparent island elec- 
trode (23) electrically connected to the photocon- 
ductor (22) and arranged in between the seg- 
10 ment electrode (X) and the common electrode 
(Y) relevant to the pixel, liquid crystals (21) inter- 
posed between the island electrode (23) and an 
electrode which is one of the segment electrode 
(X) and the common electrode (Y) and is not elec- 
ts trically connected to the photoconductor (22), 
and a light shielding film (25) for shielding only 
light applying on the side of the electrode which 
is one of the segment electrode (X) and the com- 
mon electrode (Y) and is not electrically connect- 
20 ed to the photoconductor (22) so that the light 
does not reach the photoconductor (22); 

a display illumination light source (11) 
which radiates display illumination light in dis- 
playing an image on a pixel matrbc composed of 
25 areas of intersections between the piurai seg- 
ment electrodes (X) and the plural common elec- 
trodes (Y) of the display unit (1); 

a document illumination light source (11) 
which radiates document illumination light in 
30 copying an optical Image of a document into the 
pixel matrix of the display unit (1); 

a control light source (11) which radiates 
control light for optically controlling turning-on 
and turning-off of a voltage to be applied to liquid 
35 crystals (21) of the display unit (1); 

a display control circuit (6) which gener- 
ates a display signal for displaying an image on 
the pixel matrix of the display unit (1); 

an image input control circuit (8) which 
40 generates an image input signal for copying an 
optical image of the document into the pbcel ma- 
trix of the display unit (1); 

an image read control circuit (7) which 
generates an image read signal for reading inv 
45 age data written in the liquid crystals (21) of each 
pbcel constituting the pixel matrix of the display 
unit (1) In the form of an electric signal; 

a segment electrode driving circuit (3) 
which drives the segment electrode (X) based on 
50 the display signal from the display control circuit 
(6), the image input signal from the image input 
control circuit (8), or the Image read signal from 
the image read control circuit (7); 

a common electrode driving circuit (2) 
55 which drives the common electrode (Y) based on 
the display signal from the display control circuit 
(6), the image input signal from the image input 
control circuit (8), or the image read signal from 

25 



49 



EP0 601 837 A2 



50 



the image read control circuit (7); 

an image data detection circuit (9) which 
detects the image data written in the pixel matrix 
of the display unit (1 ) in the form of an electric sig- 
nal; and 

a control circuit (13) which copies the opt- 
ical image of the document into the pixel matrix 
by controlling the image input control circuit (8), 
the document illumination light source (11), and 
the control light source (11) in an image input 
mode, reads the image data written in the pixel 
matrix in the form of an electric signal by control- 
ling the image read control circuit (7), the image 
data detection circuit (9). and the control light 
source (11) in an Image read mode, and displays 
an image on the pbcel matrix by controlling the 
display control circuit (6) and the display illumin- 
ation light source (11) In an Image display mode. 

2. An image input device-integrated type display 
device as claimed in Claim 1, wherein 

phase transition type liquid crystals (21) 
having a storage function are used as the liquid 
crystals (21). 

3. An image input device-integrated type display 
device as claimed in Claim 1, wherein 

n-type cholesteric liquid crystals, liquid 
crystals formed by mixing n-type cholesteric liq- 
uid crystals with n-type nematic liquid crystals, or 
smectio-A liquid crystals having a storage func- 
tion are used as the liquid crystals (21). 

4. An image input device-integrated type display 
device comprising: 

a display unit (1) having a pluralityof trans- 
parent segment electrodes (X) arranged In paral- 
lel with each other on a transparent substrate 
(29); a plurality of transparent common electro- 
des (Y) arranged in parallel with each other on 
another transparent substrate (28), said common 
electrodes (Y) being perpendicular to said seg- 
ment electrodes (X), a photoconductor (22) elec- 
trically connected to either the segment elec- 
trode (X) or the common electrode (Y) and ar- 
ranged in a pixel composed of an area of intersec- 
tion between the segment electrode (X) and the 
common electrode (Y), a transparent island elec- 
trode (23) electrically connected to the photocon- 
ductor (22) and arranged in between the seg- 
ment electrode (X) and the common electrode 
(Y) relevant to the pixel, liquid crystals (51) inter- 
posed between the island electrode (23) and an 
electrode which is one of the segment electrode 
(X) and the common electrode (Y) and is not elec- 
trically connected to the photoconductor (22), 
and a polarizer (52) for controlling a polarization 
direction of only light applying on a side of the 



electrode which is one of the segment electrode 
(X) and the common electrode (Y) and is not elec- 
trically connected to the photoconductor (22), 
said light being to able to reach the photoconduc- 
5 tor (22) when the light passed through the polar- 
izer (52); 

a display illumination light source (11) 
which radiates display illumination light in dis- 
playing an image on a pixel matrix composed of 
10 areas of intersections between the plural seg- 
ment electrodes (X) and the plural conrvnon elec- 
trodes (Y) of the display unit (1); 

a document illumination light source (11) 
which radiates document illumination light in 
15 copying an optical image of a document into the 
pbcel matrix of the display unit (1); 

a control light source (11) which radiates 
control light for optically controlling turning-on 
and turning-off of a voltage to be applied to liquid 
20 crystals (51) of the display unit (1); 

a display control circuit (6) which gener- 
ates a display signal for displaying an image on 
the pixel matrix of the display unit (1); 

an image input control circuit (8) which 
25 generates an image input signal for copying an 
optical image of the document into the pbcel tm- 
trix of the display unit (1); 

an image read control circuit (7) which 
generates an image read signal for reading inv- 
30 age data written in the liquid crystals (51) of each 
pbcel constituting the pixel matrix of the display 
unit (1) in the form of an electric signal; 

a segment electrode driving circuit (3) 
which drives the segment electrode (X) based on 
35 the display signal from the display control circuit 
(6), the image input signal from the Image input 
control circuit (8), or the image read signal from 
the image read control circuit (7); 

a common electrode driving circuit (2) 
40 which drives the common electrode (Y) based on 
the display signal from the display (x>ntrol circuit 
(8), the image input signal from the image input 
control circuit (8), or the Image read signal from 
the image read control circuit (7); 
45 an image data detection circuit (9) which 

detects the image data written in the pbcel matrix 
of the display unit (1) in the form of an electric sig- 
nal; and 

a control circuit (13) which copies the opt- 
50 leal image of the document Into the pixel matrix 
by controlling the image input control circuit (8), 
the document illumination light source (11), and 
the control light source (11) in an image input 
mode, reads the image data written in the pbcel 
55 matrix in the form of an electric signal by control- 
ling the image read control circuit (7), the image 
data detection circuit (9), and the control light 
source (11) in an image read mode, and displays 

26 
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an image on the pixel matrix by controlling the 
display control circuit (6) and the display Illumin- 
ation light source (11) In an image display mode. 

5. An Image Input device-Integrated type display s 
device as claimed in Claim 4, wherein 

ferroelectric liquid crystals (51) are used 
as the liquid crystals (51). 

6. An image input device-integrated type display io 
device as claimed in Claim 5, wherein 

the image data detection circuit (9) de- 
tects a quantity of electric charges charged ac- 
cording to the image data at the island electrode 
(23) of each pixel constituting the pixel matrix of is 
the display unit (1), 

the control light source (11) can irradiate 
light one by one on each electrode which is one 
of the segment electrode (X) and the common 
electrode (Y) and is not electrically connected to 20 
the photoconductor (22), and 

the control circuit (13) reads the image 
data written in pixel matrix In the form of an elec- 
tric signal by detecting a quantity of electric 
charges charged at the island electrode (23) of 25 
the pbcet relevant to the one segment electrode 
(X) or common electrode (Y) which is selected by 
being irradiated by light of the control light source 
. (11) in the image read mode. 

30 

7. An image Input device-integrated type display 
device as claimed in Claim 1, further comprising 
an input pen (10) which has a light source (41) 
and emits light from the light source (41) out- 
wardly through its tip end, and wherein $6 

the control circuit (13) controls the image 
Input control circuit (8) and the control light 
source (11) in a pen inputmode toaflowan image 
input by means of the input pen (10) to be written 
into the pixel matrix. 40 

8. An image input device-integrated type display 
device as claimed in Claim 4, further comprising 
an input pen (10) which has a light source (41) 

and emits light from the light source (41) out- 45 
wardiy through its tip end, and wherein 

the control circuit (13) controls the image 
input control circuit (8) and the control light 
source (41) in a pen inputmode to allow an image 
Input by means of the input pen (10) to be written so 
into the pixel matrix. 

9. An Image input device-integrated type display 
device as claimed in Claim 1, wherein 

one of the two transparent substrates (28, 55 
29) of the display unit (1) is provided with a micro 
lens (27) for condensing incident light thereto. 



10. An image input device-integrated type display 
device as claimed In Claim 4, wherein 

one of the two transparent substrates (28, 
29) of the display unit (1) is provided with a micro 
lens (27) for condensing incident light thereto. 

11. An image input device-integrated type display 
device as claimed in Claim 1, wherein 

at least one of the two transparent sub- 
strates (28, 29) of the display unit (1) is conv 
prised of a plate-shaped optical fiber array (61) 
where optical fibers (62) each having a specified 
length are arranged two-dimensionally with axial 
directions of the optical fibers (62) extended in a 
thickness direction of the optical fiber array (61). 

12. An Image input device-integrated type display 
device as claimed in Claim 4, wherein 

at least one of the two transparent sub- 
strates (28, 29) of the display unit (1) is conv 
prised of a plate-shaped optica! fiber array (61) 
where optical fibers (62) each having a specified 
length are arranged two-dimenslonally with axial 
directions of the optical fibers (62) extended in a 
thickness direction of the optical fiber array (61). 

13. An image input device-integrated type display 
device as claimed In Claim 1 , wherein 

the display illumination light source (11), 
the document illumination light source, and the 
control light source are comprised of one plate- 
shaped light source (11 ), and a side portion of the 
plate-shaped light source (11) is pivotally mount- 
ed to a side portion of the display unit (1). 

14. An image input device-integrated type display 
device as claimed in Claim 4, wherein 

the display illumination light source, the 
document illumination light source, and the con- 
trol light source are comprised of one plate- 
shaped light source (11), and aside portion of the 
plate-shaped light source (11) is pivotally mount- 
ed to a side portion of the display unit (1). 

15. A device which is selectively operable in a first 
mode for image input by light illumination, and a 
second mode for image display by the applica- 
tion of electrical signals, the device comprising: 

a first set of parallel elongate transparent 
electrodes; 

a second set of parallel elongate transpar- 
ent electrodes spaced from and extending trans- 
verse to the electrodes of said first set to define 
an array of pixel areas at their crossing points; 

a corresponding array of transparent is- 
land electrodes which are electrically unconnect- 
ed to each other and are disposed at the respec- 
tive pixel areas between the first and second 
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sets of elongate electrodes; 

a corresponding array of photoconductive 
elements interconnecting the respective island 
electrodes and the electrodes of said first set, so 
that each line of said photoconductive elements 5 
connects a corresponding line of island electro- 
des to a respective said electrode of the first set; 

a display medium disposed between said 
island electrodes and the second set of elongate 
electrodes; io 

means operable in the second mode to il- 
luminate all of the photoconductive elements so 
that display control signals applied to the first 
elongate electrodes are applied to the island 
electrodes; and is 

means operable in the first mode to apply 
a predetermined Image input voltage to said first 
electrodes, and to selectively illuminate the pho- 
toconductive elements so as to cause said image 
input voltage to be applied to imagewise selected 20 
Island electrodes. 



25 



30 



35 



40 



45 



so 



55 



28 



EP0 601 837 A2 




29 



EP 0 601 837 A2 



Fig. 2 

26 25 28 26 25 




HOMEOTROPIC 
ORENTATION 




0 Vt'hl 10 20^Vth2 30 [Vj 
APPLIED VOLTAGE CVrms) 



30 



EP 0 601 837 A2 



Fig A 




"5 10 
APPLIED VOLTAGE 



15 [V] 



31 



EP 0 601 837 A2 



F/g.5(a) 



30 POWER 
SOURCE 



26 1 28 25 26 




29 22 



CONTROL LIGHT SOURCE 



Fig. 5(b) 



F/g.5(c) 



DOCUMENT ILLUMINATION 
LIGHT SOURCE 



DOCUMENT ILLUMINATION 
LIGHT SOURCE 




22 27 

^30 

POWER SOURCE 



22 27 

30 

POWER SOURCE 



32 



EP0 601 837 A2 



Fig. 6 



10— 



44 



.47 BATTERY 



46 CONTROL CIRCUIT 




45 SWITCH 

41 LIGHT SOURCE 



33 



EP 0 601 837 A2 




34 



EP0 601 837 A2 




35 



EP 0 601 837 A2 



Fig, 9(a) 

GRANDJEAN STATE 

0<3tX3 

I><I IXI 
tX] tXI 

M IX 



Fi g.9(b) 

FOCALCONIC STATE 



WRITE 



IX 



\ — ©J 



g. 9(d) 



INITIAL 
STATE 



Fig. 9(c) 



STORAGE 



GRANDJEAN STATE 

tx tx 

M IX 

M rx 

MIX 




ERASE 



FOCALCONIC STATE 



tx 



36 



EP0 601 837 A2 



Fi g.10 




37 



EP 0 601 837 A2 



Fi g.lKa) 



Fig.lUb) 

0 

POLARIZED ILLUMINATION 

LIGHT 

28 26 




30 POWER SOURCE 



1 1 f i i i i } } t f i t t I 



30 POWER SOURCE 



CONTROL LIGHT 

Fig.lKc) 



o 



Fi g.lKd) 

o 





V-51 




f 2 I ^ ' f * > f * f f f f 9 i i i i i f i I i ) 

'30 POWER source' ^ ^30 POWER SOURCE 



38 



EP 0 601 837 A2 



Fig. 12(a) 



52 28 



30 

POWER 
SOURCE 




Fig.12(b) 



CONTROL LIGHT 



o 



LIGHT FROM INPUT PEN 



Fig,12(c) 




22 

30 POWER SOURCE 



22 

30 POWER SOURCE 



39 



EP 0 601 837 A2 



Fig. 13 (a) 




30 POWER 
SOURCE 



CONTROL LIGHT 

Fig. 13(b) Fig.13(c) 

• 0 



POLARIZED ILLUMINATION 

LIGHT 



e 

CONTROL LIGH" 




31 

^30 POWER SOURCE 



30 POWER SOURCE 



40 



EP 0 601 837 A2 



Fi g.14(a) 



55 — 

©©159 



3-56 



4—57 



Fig, 14(b) 



Fi g. 14(c) 



LIGHT 




-56 



55 



—55 



00 



0900 



J 



41 



EP 0 601 837 A2 



Fig.15(a) 




27 29 



Fi g.15(b) 




27 22 29 



CONTROL LIGHT 



42 



EP 0 601 837 A2 



Fi gJ6(a) 



POWER 
SOURCE 
30- 




ILLUMINATION LIGHT 



e 



Fig. 16(b) 



1 



POWER 
SOURCE 
304 



52 


/ ^ / ^ / ^ / 

/Ma 


^ / / / / / A 


X V X V X N 




J A>.iU>>>X 



'7W 



ILLUMINATION LIGHT 



0 

43 



EP0 601 837 A2 




EP0 601 837 A2 



Fig.ld(a) 

1 10 




65 

Fig. 18(b) 




65 

Fig, 18(c) 




(12) INTERNATIONJIrAPPLICATION PUBLISHED UNDER THE PATimr COOPERATION TREATY (PCT) 



(19) Worid Intellectual Property Organization 
International Bureau 

(43) International Publication Date 
25 September 2003 (25.09.2003) 




PCT 



(10) International Publication Number 

wo 03/079176 A2 



(51) International Patent Classification^: G06F 3/033 

(21) International Application Number: PCT/IB03/00627 

(22) International Filing Date: 14 Febniaiy 2003 (14.02.2003) 

(25) Filing Language: English 

(26) Publication Language: English 



(30) Priority Data: 
02251892.2 



15 March 2002 (15.03.2002) EP 



(71) Applicant (for all designated States except US): KONIN- 
KLUKE PHILIPS ELECTRONICS N.V. [NL/NL]; 
Groenewoudseweg 1, NL-5621 BA Eindhoven (NL). 

(72) Inventors; and 

(7^ Inventors/Applicants (/or i/5o/7/y;: JOHNSON, Mark, 
T. [GB/NL]; Prof. HolsUaan 6. NL-5656 AA Eindhoven 
(NL). DESTURA, Galileo, J., A. [PH/NL]; Prof. Hol- 
stlaan 6, NL-5656 AA Eindhoven (NL). AARTS, Ronal- 
dus, M. [NL/NL]; Prof. Holstlaan 6, NL-5656 A A Eind- 
hoven (NL). KNAPP, Alan, G. [GB/NL]; Prof. Holst- 
laan 6, NL-5656 AA Eindhoven (NL). MARSH, Simon, 



R. (GB/NL); Prof. Holstlaan 6, NL-5656 AA Eindhoven 
(NL). VAN DELbEN, Martinus, H., W., M. [NL/NL]; 
Prof. Holstlaan 6, NL-5656 AA Eindhoven (NL). 

(74) Agent: RAAP, Adriaan, Y.; Internationaal Octrooibureau 
B.V., Prof, Holstlaan 6, NL-5656 AA Eindhoven (NL). 

(81) Designated States (national): AE, AG, AL, AM, AT, AU, 
AZ, BA. BB, BG. BR, BY, BZ. CA, CH. CN, CO. CR, CU, 
CZ. DE. DK, DM, DZ, EC, EE, ES, FI, GB, GD, GE, GH. 
GM, HR, HU, ID. XL. IN, IS. JP, KE, KG, KP. KR, KZ, LC. 
LK. LR, LS, LT, LU, LV, MA, MD, MG, MK, MN, MW. 
MX, MZ. NO. NZ, OM. PH, PL, PT. RO, RU. SC. SD. SE. 
SG, SK. SL, TJ, TM. TN, TR, TT. TZ, UA. UG, US, UZ, 
VC, VN. YU. ZA. ZM, ZW. 

(84) Designated States (regional): ARIFO patent (GH. GM, 
KE. LS, MW, MZ, SD. SL, SZ, TZ. UG, ZM, ZW), 
Eurasian patent (AM. AZ. BY. KG. KZ, MD. RU, TJ, TM). 
European patent (AT. BE, BG, CH, CY, CZ. DE, DK. EE, 
ES. H, FR, GB, GR, HU, IE. IT. LU. MC. NL, PT, SE. SI, 
SK, TR). OAPI patent (BF, BJ. CF, CG. CI. CM. GA, GN, 
GQ. GW. ML. MR. NE, SN, TD. TG). 

[Continued on next page J 



(54) Title: TOUCH SENSITIVE DISPLAY DEVICE 



ON 



o 
O 







/ 






■ II 












-iU 



4— 



/ 



-—9 



—6 



i 1 

L J 



L J 




(57) Abstract: In a touch sensor the change in pixel impedance is measured from the sensing area directly (passive matrix) or 
through the address transistors (AMLCD) associated with the sensing area. 



wo 03/079176 A2 HI 




Published: For two-letter codes and other abbreviations, refer to the "Guid- 

— without international search report and to be republished ance Notes on Codes and Abbreviations** appearing at the b^in- 
upon receipt of that report ning of each regular issue of the PCT Gazette, 



wo 03/079176 




PCT/IB03y00627 



Touch sensitive display device 



The invention relates to a touch sensitive display device comprising a multiple 
of picture elements and means for driving at least one of said picture elements together with 
means for monitoring the impedance of at least one of said picture elements. 

The display device is for instance a liquid crystal display device or a 0(LED) 
5 display or a display based on electrochromic effects. For liquid crystal display devices the 
impedance of a picture element mainly consists of a capacitive element, whereas for 
electrochromic displays and 0(LED) display devices, especially in reverse bias the 
impedance of a picture element mainly is resistive* 

Such display devices have found widespread use in the computer industry and 
10 in handheld devices ranging from mobile telephones and price tags to palm top computers 
and organizers. Also the combination with a touching device such as a stylus has found 
widespread appUcations, while also a need for other ways of providing input via the display 
screen is felt. 

15 

USP 5,777,596 describes a touch sensitive liquid crystal display device that 
allows putting input into the associated device (e.g. a computer) by simply touching the 
display screen with a finger, a stylus or a pen. The device continuously compares the charge 
time of the liquid crystal display elements (picture elements) to a reference value and uses the 
20 result of the comparison to detemiine which elements are being touched. 

One of the problems in said touch sensitive liquid crystal display device 
resides in restoring the right image after sensing. This is due to the fact that a blinking line is 
used which represents the switching of all picture elements in a row between two extreme 
states. When the blinking line reaches a certain row touching is detected by measuring the 
25 charging time of the picture elements. After measuring the picture elements are provided with 
adequate voltages to display the right image. In a similar way sensing by means of a blinkmg 
spot is disclosed in USP 5,777,596. 

Such blinking however is visible on the display (artifacts) 
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Apart from using rather complex circuitry, in this way of sensing it is difficult 
to take into account the difference in liquid crystal display properties such as kick back which 
differs for writing odd or even frames. Moreover, if a reflective display device is used, 
internal DC bias voltages may be present whereby charging differs for writing odd or even 
5 frames. In DC -driving methods (low power liquid crystal displays, electrophoresis) no 
inversion occurs so the method cannot be used at all there. 



The invention has among others as its goal to overcome these objections. 
10 It has as a further goal to introduce more functionality into the touch sensitive 

liquid crystal display device. 

To this end in a touch sensitive display device according to the invention 
provides the means for monitoring the impedance of at least one of said picture elements 
substantially and simultaneously sensing a change.in said impedance. In fact the invention 
15 provides a method of non-interactive measuring; the method of measuring does not interfere 
with the providing of driving voltages to the picture elements. 

This does not only overcome the problem of providing blinking signals but 
also offers new possibilities of touch sensing such as 
i) sensing touch inputs at different places on the display screen 

20 ii) disabling part of the display screen for touch sensing 

Both possibilities offer substantial advantages both in compute and telecommunication 
applications. 

Sensing touch inputs substantially simultaneously at different places on the 
display screen offers possibilities such as detecting the impact of fingers or pencils on 

25 different places of the display screen. This is a useful item in e.g. flat screen (computer) 

devices in which the keyboard functions have been realized as touch functions on the screen. 
It is for example possible to detect simultaneous touching of CRTL, ALT and DEL pressing; 
similarly in e.g. drawing programs the simultaneous touching of two points with a pen may 
immediately display a straight line, while at the same time via a third touching (area) this line 

30 may receive a certain curvature or hatching etc. Further applications are e. g. gaming or 

features which enables either the user or a service provider or receiver of a service to enable 
and disable a part of the touch screen, data input, e.g. obtained via the Internet may prevent 
certain parts (displaying logos) to be disturbed or disable certain menu bars for unauthorized 
users. 
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On the other hand disabling part of the display screen for touch sensing may 
be used in a cellular phone preventing the read out from being distuibed 

The sensing itself may be performed by measuring a change in voltage or a 
change in firequency. 

5 The change in impedance within a single picture element, e.g. the pixel 

capacitance in a liquid crystal display device, generally is much smaller than the total 
capacitance of the other pixels (in a passive matrix display), or the total capacitance of 
crossovers and stray capacitances in the colunans and rows (in an active matrix display). This 
reduces the sensitivity of a touch sensor. In an active matrix liquid crystal display (AMLCD) 

10 such a total capacitance is typically 10-100 times higher than the pixel capacitance - in a 
passive matrix display the fectors are even higher. 

One if the solutions according to the mvention is to ensure that many pbcels 
along the column (or row) are sensed at the same moment. In this case, the touch signal will 
increase with the number of pixels being sensed, whilst the background impedance will 

15 remain constant. In this way the signal to noise ratio increases. 

To this end a first embodiment of a touch sensitive display device according to 
the invention provides means for monitoring the impedance (capacitance) of at least one row 
of picture elements, while in a second embodiment the means for monitoring impedance 
monitor at least the impedance (capacitance) of one column of picture elements. Also 

20 monitoring of the impedance of a block of picture elements is possible. 

In a preferred embodiment of a touch sensitive display device the means for 
monitoring the impedance (capacitance) comprise means for comparing the impedance 
(capacitance) of the picture elements with a reference value. 

Said reference value may be a fixed value but preferably is determined by 

25 impedance (capacitance) values of said picture elements having voltages outside the 
transition region of the liquid crystal picture elements. On the other hand it may be 
determined on a dynamic basis in which case the means for comparing the impedances 
(capacitances) comprise means to determine the ref(^ence value. 



30 

These and other aspects of the invention are apparent firom and will be 
elucidated with reference to the embodiments described hereinafter. 
In the drawings: 

Figure 1 schematically shows a liquid crystal device, 
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Figure 2 shows a voltage transmission cxirve of a liquid crystal device, 
Figure 3 shows a first embodiment of a part of a touch sensitive liquid crystal 
device according to the invention, while 

Figures 4, 5 and 6 show further embodiments of a part of a touch sensitive 
liquid crystal device according to the invention. The Figures are diagrammatic and not drawn 
to scale. Corresponding elements are graerally denoted by the same reference numerals. 



Figure 1 is an electric equivalent circuit diagram of a part of a display device 1 
10 to which the invention is appUcable. It comprises in one mode of driving, called the '"passive 
mode", a matrix of pixels 8 defined by the areas of crossings of row or selection electrodes 7 
and column or data electrodes 6. The row electrodes are consecutively selected by means of a 
row driver 4, while the column electrodes are provided with data via a data register S. To this 
end, incoming data 2 are first processed, if necessary, in a processor 3. Mutual 
15 synchronization between the row driver 4 and the data register 5 takes place via drive lines 9. 

In another mode of driving, called the "active mode'', signals firom the row 
driver 4 select the picture electrodes via thin-fihn transistors (TFTs) 10 whose gate electrodes 
are electrically connected to the row electrodes 7 and the source electrodes are electrically 
connected to the colunm electrodes. The signal which is present at the column electrode 6 is 
20 transferred via the TFT to a picture electrode of a pixel 8 coupled to the drain electrode. The 
other picture electrodes are connected to, for example, one (or more) common counter 
electrode(s). In Figure 1 only one thin-fihn transistor (TFTs) 10 has been drawn, simply as an 
example. 

Figure 2 shows a voltage transmission curve of a liquid crystal device. It is 
25 know that in many kinds of LC effects the dielectric constant of the liquid crystal changes 
with the pixel voltage. So at voltage Vth, where in this case the transmission starts to 
decrease and has for instance reached a level of 90 % a pixel has, under normal (untouched) 
circumstances, a capacitance Cth. Under the same circumstances at voltage Vsat, where in this 
case transmission has for instance reached a level of 10 % a pixel has, under normal 
30 (untouched) circumstances, a capacitance Csat- These values preferably are used as reference 
value to detect the measure of change after touching (depressing) of a pixel leading to a 
variation in the liquid crystal layer thickness. Similar voltage transmission curves are shown 
by display devices based on electrowetting and some display devices based on 
electrophoresis. 
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In general the pixel capacitance of one pixel is overshadowed by the 
capacitance of other pixels (in passive matrix), cross overs and stray capacitances (active 
matrix) in the colmnns and rows. This reduces ttie s^itivity. 

One solution to this is to ensure that many pixels along the column 6 (or row 
5 7) are sensed at the same moment In this case, the touch signal will increase with the number 
of pixels being sensed, whilst the background capacitance will remain constant. In this way 
the signal to noise ratio will increase. In a preferred embodiment, the touch sensing procedure 
will involve many rows 7 being addressed at the same time (active matrix) or many columns 
8 being connected to increase the touch signal. 

10 In the embodiment of Figure 3, a keypad, most pixels within a touch sensitive 

display part 1 1 are in a defined state (background pixels), such as white liquid crystal display 
pixels, which at (or below) their threshold voltage Vdi have a known capacitance. In the 
example (passive LCD) keypad, only a few pixels are dark pixels, viz. the numbers 
themselves, and have higher capacitance whilst the majority are white background pixels. In 

15 particular, many rows 22 and columns 23 (those between the numbers) comprise entirely 
background pixels, and several blocks 24 of pixels between the numbers are attached to both 
rows and columns where no dark pixels are present. 

In these devices these blocks of background pixels can be used for touch 
sensing, in which touch sensing is for instance performed during the blanking time between 

20 two &mies. I^ for instance, all rows driving pixels m the top quarter 12a of the display, 
drive sensing pixel blocks and the columns are used for direct sensing of the pixel 
capacitance, one is able to detect the charge flowing along the block of columns when the LC 
polarity of the sensing pixels in these columns is inverted (i.e. &om -Vth to Vth). The normal 
charge during inversion would be 



25 



Qnominal - 2 X Vth X Qotal (1) 



with Ctotai the capacitance of the block of sensing pixels in ttie top quarter of the display. In 
any block of sensing pixels where the capacitance is modified by touching the display (either 
30 pressure or stray capacitance) the capacitance will mcrease by Qouch- 



Qtouch — 2 X V|h X (Qotal + Ctouch) 



t 
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By comparing this to the known Qnommai value, one can detennine whether the display has 
been touched in the top set of numbers e.g. by measuring the charging current, i.e. flie 
difference in impedance (capacitance). 

Subsequently, the three remaining blocks 12b, 12c, 12d of rows are activated 
S and the touch sensing continues until the display is completely scaimed. 

A similar reasoning applies to active matrix LCDs, in which the charging 
current is flowing through the address TFTs. 

During sensing, the dark pixels where data is present (i.e. the numbers on the 
keypad) are never addressed, and as such they wUl maintain their grey value (during the 

10 blanking period). In the example of Figure 3 however, the groups of rows and columns to be 
used to provide the image may be completely separated from tilie groups of rows and columns 
to carry out the touch sensing. In this case it is possible to carry out the touch sensing 
operation during the frame period. For example, if the keyboard (or a menu) data were being 
presented in a low frame rate, low power mode (e.g. at 5Hz or lower refresh rate) it is still 

15 possible to carry out touch sensing at a much higher frequency. This results in a more rapid 
touch response, with no delay due to waiting for the next blanking period between two 
frames. In this preferred embodiment, it is possible to incorporate several touch measurement 
periods within one frame time. The use of several touch measurement periods within one 
frame time improves the reliability of the system. 

20 In more complicated displays (monitors, electronic games) it may be 

advantageous to be able to do the touch sensing while all or most of the display is active. 
This implies that lots of pixels are at different (and changing) voltages and hence have 
different capacitances. To be able to detect a reference value in such a device a sinular 
approach is taken into account again, but a field memory is used. By signal processing the 

25 expected nominal c^acitance of the sensing area is determined e.g. by summing the 
individual charges from each pixel. 

Qnomfnal = 2 (2 X Vic X Cpfxel) (3) 

30 Now a look-up-table (or similar device) is used to detennine Cpbcci at a given pixel voltage 
(temperature, frame time etc). In any block of sensing pixels where the capacitance is 
modified by touching the display (either pressure or stray capacitance) the capacitance will 
increase by Ctouch again, leading to 
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Qtouch = 2 (2 X Vic X (Cpixel + Ctouch)) (4) 

Again, the touch position can be determined by comparing the calculated nominal charge and 
measuring the charging current to the block of display pixels. 
5 In general, one current amplifier will now be used to sense pixels 

simultaneously within a column where touch sensing is required, and that it will no longer be 
possible to probe many pixels simultaneoxisly by addressing multiple rows. 

In a further embodiment pixels (or block of pixels) with the same nominal 
capacitance (for example all pixels at the lowest pixel voltage Vth) and corresponding known 

10 c^acitance are used as a reference. Touch sensing is now carried out using only these pixels 
and by comparing the measured pixel capacitance to the known, nominal value defined in 
equation (1). In this method however the touch position of touch sensing will change 
dynanucally depending upon the image content. 

As an alternative a reset is applied to drive pixels to a predefined capacitance 

15 before the touch sensor operation is carried out. Detection is then carried out with reference 
to the known nominal capacitance value, as described above, (using equations (1) and (2)). 
Especially in LCD-displays, where a pulsed backlight is appUed (LCD TV's and other multi- 
media applications where video is shown) it is possible to carry out the reset function during 
the dark period between pulses and carry out touch sensing without distorting the image. 

20 In yet another ^proach, a scanning reset function could be ^plied, to reset 

the pixel to a predefined capacitance and carry out the touch sensing measurement just before 
the pixel is re-addressed. 

In LCD applications, a reset to high voltage (e.g. black) is preferred, as the LC 
response time is shorter at high voltages. This means that the LC will reach its final 

25 capacitance more quickly, and touch sensing can be carried out with a higher fi'ame rate. In 
addition, the LC capacitance varies less above a certain voltage (capacitance/voltage curve is 
less steep at higher voltages), so any pixels which have not completely reached their reset 
capacitance will only result in small errors. 

In a fiufher embodiment dummy pixels within the display are only used for 

30 touch sensing and not for displaying information. These pixels then have a known 

capacitance and sensing can again be carried out as described above. Distortion of the image 
by the presence of these dedicated pixels will have minimal perceptual impact if these pixels 
are arranged, for example, at the edge of the display. On ttie other hand these pixels may be 
arranged in the form of blocks (or even as larger segments) and distributed around the 
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display. The output of (several of) these sensors is then used to determine the position of the 
touch input. 

In a modification of this embodiment these dedicated touch sensor pixels are 
arranged at regular spacings within the display. This however may lead to a noticeable 
pattem of (dark) pixels across the di^lay. To avoid this, dynamic determination of said 
(blocks of) touch sensor pixels, by changing their position from one frame to another, will 
effectively prevent these pixels from being detected by the eye. 

In a similar way the change in the stray capacitance between row lines and the 
coimter electrode in an active matrix display (based on TFT-transistors as switching 
elements) can be used for detection of touching. This has the advantage that the stray 
capacitance between the row and the counter electrode is a fixed value, determined by the 
difference between the counter electrode voltage and the row (off) voltage and is not 
influenced by the pixel voltage. 

Figure 4 shows an output 7'of a shiftregister 4, which is connected to a row 
select line 7 via a switch 13. The row select line 7 is also connected to a sensing circuit 14 
which comprises a first input to a differential amplifier 15 having a resistor 16 between said 
input and its output. The other input is connected to ground in this example. 

A change in Cpixei will generate a change in Vp and the output in Vx at node 1 7 
can be expressed as: 



pixel 



from C = QA^, it follows, 



dt ^ dt 



Hence, the expression for Vx can be written as 



' ' ' dt 
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which signal will increase when applying a force on the touch screen . If the output 
impedance of the row driver is high enough not to disturb this measurement switch 13 may 
be deleted. On the other hand, if necessary an extra switchlS may be used, which is only 
closed for measuring during non-selection of the row 7 (switch 13 may be opmed Hiea). 
5 Since a detection chcuit as shown in Figure 4 can be associated with any line 

(and /or column) continuous simultaneous touch detection of (blocks of) picture elements 
over the total display area is possible. This offers the possibility of the features in computer 
and telecommxmication applications as mentioned in the introduction, like simultaneous 
detection of functions and selectively activating parts of a display screen. 

10 In the example of Figure 5 the change in capacitance of a pixel (which may 

include a storage capacitance) is directly detected by measuring the oscillating frequency of 
the circuit, which is given by R x Cpixei. To determine if the screen has been touched, it is 
su£5cient to measure a shift in the oscillating frequency of the circuit comprising a amplifier 
15 and resistors R, Ri (16, 16'). Said shift is determined at oulput 20 by means of a frequency 

1 5 measurement device 1 9, using for example a filter to detect an increase in frequency. 

Figure 6 finally shows how the picture electrodes are incorporated in a typical 
microphone circuit. The pixel in its undisturbed state will have a voltage difference of 
(V rV2) thereby having charges deposited on each side of the capacitor plate (the pixel). 
Perturbing the pixel by applying pressure will result in a change in its capacitance. This 

20 results in currents Ii and I2 flowing fix>m both sides of the pixel electrode. The two said 
currents are equal in magnitude resultmg into a similar voltage drop across the two Ri 
resistors 16' in the circuit As the two amplifiers IS only measure the voltage change in Rt 
due to the blocking capacitor 21 (C) , the circuit outputs 20 , 20' ideally provide the same 
voltage signal-that is, 



25 



^1 



Although the examples given so far have been related to liquid crystal display 
devices, in which the capacitive part of the impedance generally is influenced mainly by 
30 touch sensing, and mainly voltage measurement is described, similar reasoning applies to 
display devices, in which the resistive part of the impedance generally is influenced mainly 
by touch sensing, and detection methods based on current measurement are used. 



wo 03/079176 




PCT/IB03/00627 



10 



So the protective scope of the invention is not limited to the embodiments 
described, while the invention is also ^plicable to other display devices, for example, (O) 
LED displays, electrophoretic displays, electrochromic displays, plasma displays, and other 
display devices based on e.g. field emission electrowetting etc. 
5 Altematively, flexible substrates (synthetic material) may be used (wearable 

displays, wearable electronics). 

The mvention resides in each and every novel characteristic feature and each 
and every combmation of characteristic features. Refermce numerals in the claims do not 
limit tiieir protective scope. Use of the verb ^Ho comprise" and its conjugations does not 
10 exclude the presence of elements other than those stated in the claims. Use of the article "a" 
or "an" preceding an element does not exclude the presence of a plurality of such elements. 
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CLAIMS: 



1 . A touch sensitive display device coiiq)rising a multiple of picture elements and 

means for driving at least one of said picture elements together with means for monitoring 
fhc impedance of at least one of said picture elements and substantially simultaneously 
sensing a change in said impedance. 

2 A touch sensitive display device as claimed in Claim 1 in which the means for 

sensing the change in said impedance measure a change in capacitance 



3 A touch sensitive display device as claimed in Claim 1 in which the means for 

10 sensing the change in said impedance measure impedances of different groups of picture 
elements substantially simultaneously. 



4. A touch sensitive display device as claimed in Claim 1 in which the means for 
sensing the change in said impedance measure a change in voltage. 

15 

5. A touch sensitive display device as claimed in Claim 1 in which the means for 
sensing the change in said impedance measure a change in current. 



6. A touch sensitive display device as claimed in Claim 1 in which the means for 
20 sensing the change in said impedance measure a change in frequency. 

7. A touch sensitive display device as claimed in Claim 1 in which the means for 
monitoring the impedance monitor at least one row of picture elements. 

25 8. A touch sensitive display device as claimed in Claim 1 in which the means for 

monitoring the impedance monitor at least one column of picture elements. 



9. A touch sensitive display device as claimed in Claim 1 in which the means for 

monitoring the impedance monitor a block of picture elements. 
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10. A touch sensitive display device as claimed in Claim 1 in which the means for 
monitoring tiie impedance comprise means for comparing the impedance of tiie picture 
elements with a reference value. 

5 

11. A touch sensitive display device as claimed in Claim 10 in which the picture 
elements comprise Uquid crystal picture elements and the reference value is determined by 
impedance values of said liquid crystal picture elements having voltages outside the 
transition region of the liquid crystal picture elements. 

10 

12. A touch sensitive display device as claimed in Claim 1 0 in which the reference 
value is determined by impedance values of dimmiy liquid crystal picture elements. 

13 . A touch sensitive display device as claimed in Claim 10 in which the means 
1 5 for comparing the impedances comprise means to determine the reference value. 

14. A touch sensitive display device as claimed in Claim 4 in which the means for 
measuring a change in voltage comprise at least one amplifier. 

20 15. A touch sensitive display device as claimed in Claim 4 in which the means for 

measuring a change in voltage comprise a microphone detection circuit. 
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(57) Abstract: An electrophoretic display apparatus or a ferroelectric liq- 
uid crystal display apparatus includes a display panel 10 including gate 
line electrodes 33 and source line electrodes 34 arranged in a matrix to 
provide a multiplicity of pixels at respective intersections of these elec- 
trodes, a gate line drive circuit 213 for driving the gate line electrodes 33, 
and a source line drive circuit 212 for driving the source line electrodes 
34. When a display state of the display panel 10 is partially rewritten, 
a reference voltage of a common electrode 37 is switched to a negative 
voltage Vcom on the basis of 0 V which is a reference voltage at the time 
of multi-gradation level display. As a result, the display apparatus can 
be driven at a high voltage to permit high-speed rewriting of the display 
panel, so that a display response characteristic in writing of while/black 
binary data or black writing by pen input is improved. 
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Box No. IV Text of the abstract (Continuation of item 5 of ttie first eheeQ 



An electrophoretic display a pparatus or a ferroelectric liquid crystal display 
apparatus includes a display panel 10 includingAn electrophoretic display appara 
tus includes a display panel 10 including<An electrophoretic display apparatus i 
ncludes a display panel 10 including<i> An electrophoretic display apparatus inc 
ludes a display panel 10 including<i> <An electrophoretic display apparatus incl 
udes a display panel 10 including<i> </i>gate line electrodes 33 and source line 

electrodes 34 arranged in a matrix to provide a multiplicity of pixels at respe 
ctive intersections of these electrodes, a gate line drive circuit 213 for drivi 
ng the gate line electrodes 33, and a source line drive circuit 212 for driving 
the source line electrodes 34. When a display state of the display panel 10 is p 
artially rewritten, a reference voltage of a common electrode 37 is switched to 
a negative voltage Vcom on the basis of 0 V which is a reference voltage at the 
time of multi-gradation level display. As a result, the display apparatus can be 

driven at a high voltage to permit high-speed rewriting of the display panel, s 
o that a display response characteristic in writing of white/black binary data 
r black writing by pen input is improved. 
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Certain observations on the international application 

FURTHER ACTION 

If a demand for intematbnal preliminary examination is made, this opinion will usually be considered to be a 
written opinion of the International Preliminary Examining Authority ("IPEA"). However, this does not apply whete 
the applicant chooses an Authority other than this one to t>e the IPEA and the chosen IPEA has notlfed the 
International Bureau under Rule 66.16/s(b) that written opinions of this International Searching Authority 
will not be so considered. 

If this opinion is, as provided above, considered to be a written opinion of the IPEA, the eipplicant is invited to 
submit to the IPEA a written reply together, where appropriate, with amendments, before the expiration of three 
months from the date of mailing of Form PCT.^SA220 or before the expiration of 22 months from the priority date, 
whichever expires later. 
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Box No. I Basis of the opinion 

1 With regard to the language, this opinion has t>een established on the basis of the international application in 
the language in which it was filed, unless othenvise indicated under this item. 

□ This opinion has been established on the basis of a translation from the original language into the following 
language , which is the language of a translation furnished for the purposes of intemational search 
(under Rules 12.3 and 23.1(b)). 

2. With regard to any nucleotide and/or amino acid sequence disclosed in the international application and 
necessary to the claimed invention, this opinion has t>een established on the basis of: 

a. type of material: 

□ a sequence listing 

□ table(s) related to the sequence listing 

b. format of material: 

□ in written format 

□ in computer readable form 

c. time of filing/furnishing: 

□ contained in the intemational application as filed. 

□ filed together with the intemational application in computer readable form. 

□ furnished subsequently to this Authority for the purposes of search. 

3. □ In addition, in the case that more than one version or copy of a sequence listing and)br table relating theretc 

has been filed or furnished, the required statements that the information in the sut)sequent or additional 
copies is identical to that in the application as filed or does not go t)eyond the applicatton as filed, as 
appropriate, were furnished. 

4. Additional comments: 
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Box No. V Reasoned statement under Rule A3bis.^a){\) with regard to novelty. Inventive step or 
Industrial applicability; citations and explanations supporting such statement 

1. Statement 

Novelty (N) Yes: Claims 2,3.5,7,9 

No: Claims 1,4,6,8 

Inventive step (IS) Yes: Claims 

No: Claims 2, 3, 5, 7, 9 

Industrial applicabiltty (lA) Yes: Claims 1-9 

No: Claims 



2. Citations and explanations 
see separate sheet 
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Re Hem V 

Reasoned statement with regard to novelty, inventive step or industrial 
applicability; citations and explanations supporting such statement 

1 . Reference is made to the following docunnent/s/: 

D1 : EP-A-0 601 837 (SHARP KABUSHIKI KAISHA) 15 June 1994 (1994-06- 
15) 

D2: US-A-5 461 400 (ISHII ET AL) 24 October 1 995 (1 995-1 0-24) 
D3: US 2003/01 1 869 A1 (MATSUDA YOJIRO ET AL) 1 6 January 2003 (2003- 
01-16) 

2. The present application does not meet the criteria of Article 33(1 ) PCT, because the 
subject-matter of independent claims 1 and 9 is not new in the sense of Article 33(2) 
PCT. 

2.1 The document D1 discloses (- cf. independent claim 1 of the present application) a 
display apparatus (- Fig. 1) comprising: 

a display panel (- 1 - Fig. 1 ) including pixels arranged in a matrix; 
pixel electrodes (- island electrode 23 - Fig. 2) provided to the pixels, respectively, 
and a common electrode (- common electrode Y - Figs. 1 , 2) provided 
commonly to the pixels; 
scanning lines (- common electrodes Y1 -Yn - Fig. 1 ) and signal lines (- segment 
electrodes - XI -Xm - Fig. 1) for supplying a voltage to said pixel electrodes 
(- "a voltage approximately equal to the voltage across the segment electrode 
Xa and the common electrode Y1 (the voltage referred to as the "display 
voltage" hereinafter) is applied to the liquid crystals 21 in the area of the 
island electrode 23a." - col. 23, lines 49-54); 
a drive circuit (- 2, 3, 6, 5 - Fig. 1 ) connected to said common electrode, said 

scanning lines, and said signal lines; and 
a control circuit (- control circuit 13 - Rg. 1 ) for providing a signal to said drive 
circuit, 

wherein said control circuit selectively switches (- "A control circuit 13 controls 

pmage display mode, pen input mode]" - col. 1 1 , lines 7-12) 
a display drive mode (- "Image display mode" - col. 23. line 21 ) in which said 
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display apparatus displays an image on said display panel through sequential 
scanning of said scanning lines and application of a variable voltage (- "display 
voltage" - coL 23, line 52) to pixels via said signal lines by said drive circuit and 
a rewriting drive mode (- "pen input mode" - col. 19, line 30) in which said display 
apparatus rewrites a part of pixels into black or white (- "turt^id whitely" - col. 20, 
line 41 , and "a part of image already written [..] can be erased." - col. 21 , lines 
7-10) through application of a voltage (- "not lower than Vth2" - coL 21 , lines 1 1 , 
1 2), which is higher than a range of the variable voltage 

(- i.e. the "display voltage" written to a pixel of D1 in the display mode 
comprises the sum of 

- the variable image data voltage applied via the segment lines X, 
plus 

' the voltage applied to the selected common line Y, 
to achieve voltages "not lower the Vth1 and lower than Vth2" or "not lower 
the Vth2" [- i.e. see col. 23, lines 47-54 and coi 24, lines 21-28 of D1] 
wherein by definition, the voltage "which is not lower the Vthi and lower 
than Vth2" and "not lower the Vth2" which is applied in the input pen mode 
[- i.e. see col. 20, lines 36-41 and col. 21 , lines 7-13 of D1] must be greater 
than the range of the variable voltage applied to the segment electrodes), 
to the part of pixels on a scanning line selected by said drive circuit. 

Accordingly, the subject matter of independent claim 1 is not considered novel over 
D1 within the meaning of Article 33(2) PCT. 

2.3 In addition (- cf . dependent claims 4, 6 and 8), D1 further discloses corresponding 
features of: 

an external input device (- input pen 10 - Fig. 1); 
a pen input device (- input pen 1 0 - Fig. 1 ); and 

liquid crystal display apparatus (- "phase transition type liquid crystals" - col. 15, 



Accordingly, the subject matter of dependent claims 4, 6 and 8 is also not considered 
novel over D1 within the meaning of Article 33(2) PCT. 



line 12). 
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3. 



3.1 



The present application does not meet the criteria of Article 33(1 ) PCT, because the 
subject-matter of claim 7 does not involve an inventive step in the sense of Article 
33(3) PCT. 

In addition (- cf . independent claim 9 of the present application, and dependent claim 
5), D2 which discloses corresponding features of: 

a display panel (- Rgs. 1 , 2, 9); 

pixel electrodes (- 12 - Rgs. 3-5, 18 - Rg. 5); 

common electrodes (- 19a, 19b - Rg. 5; Y1 - Y100 - Rgs. 1, 9); 

scanning lines (- y1 - ylOO - Rgs. 1 , 9); 

signal lines (- 13 - Rg. 4, 8; x1 - x128 - Rgs. 1 , 9); and 

a drive circuit (- 94 - Rg. 10), 
further discloses: 

a position detection device (- 92 - Rg. 10; Rxl - Rx128, Ryl - RylOO - Rg. 9) for 
detecting a position designated by a positioning member (- 81 - Fig. 9) and 
outputting information on the detection position; 

wherein when there is no output of said position detection device (- i.e. light pen 
location sensing unit 92 receives no input from the pen), said control circuit 
selects a display drive mode in which a gradation image is displayed on said 
display panel and said drive circuit applies a variable voltage to pixels through 
said scanning and data lines to display the gradation image on said display 
panel 

(- insofar as D2 discloses the display in Rg. 9 is suitable for e.g. "an engineering 
workstation" [- coL 13, line 22] it is submitted that D2 implicitly discloses said 
display as employing a display drive mode), and 
when there is an output of said position detection device (- i.e. "a signal sent from 
the display panel 91 in response to the light from the light pen" - col. 1 2, lines 
55, 56), said control circuit selects a rewriting drive mode in which a part of 
pixels of said display panel is rewritten into black or white and said drive circuit 
scans a part of said scanning lines and applies a voltage [..], to a part of pixels 
to rewrite the part of the pixels corresponding to the position designated by the 
pointing member 

(- " in response to the light from the light pen and a computer 93 recognizes a 
character, a figure, or a symbol based on the sensed data and displays the 
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recognized character or the like on the display panel 91 through the effect of 
a display control unit 94" - col. 12. lines 56-60). 

As such therefor, the subject matter of independent claim 9 and dependent claim 5 is 
considered to comprise no more than the use of a technique, kno\Am from D2, of i.e.: 

making notations on an active matrix tablet, 
in an passive matrix display apparatus, known from D1 , in which pixels have an 
analogous pen input (- see e.g. input pen 10 - Rg. 1 of D1). 

Accordingly, in light of PCT Guidelines 13.14(a)(v), the subject matter of independent 
claim 9 and dependent claim 5 is not considered to involve an inventive step over a 
non-inventive combination of the teachings of D1 and D2 within the meaning of 
Article 33(3) PCT. 

3.2 Furthermore (- cf . dependent claim 7), electrophoretic displays are known in the art, 
an example thereof being the electrophoretic display disclosed in D3 (- I.e. see e.g. ). 

As such therefor, the. subject matter of dependent claim 7 is considered to comprise 
no more than the use of a technique, known from D1, of i.e.: 

switching drive modes in a display in which pixels have a memory effect, 
in an electrophoretic display apparatus, known from D2 at least, in which pixels have 
an analogous memory effect (- see e.g. ). 

Accordingly, in light of PCT Guidelines 13.14(a)(v), the subject matter of dependent 
claim 7 is not considered to involve an inventive step over a non-inventive 
combination of the teachings of D1 and D3 within the meaning of Article 33(3) PCT. 

3.3 Dependent claims 2 and 3 do not contain any features which, in combination with the 
features of any claim to which they refer, meet the requirements of the PCT in 
respect of novelty and/or inventive step, see documents D1-D3 and the 
corresponding passages cited in the search report. 
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